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A common sense approach 
to your pP application 


* 


Computer systems— 


build, buy or modify? 
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| SPECTRUM ANALYZER MODEL 632 


nelsenerass 





F-Microwave S 


The New NR 600 Series: 500kHz to 40 GHz. All the im 
Directly calibrated, wide-dynamic- 


Check these features — 


LJ 4 Digit LED Frequency Readout. 

[_] Absolute level calibrations up to 18 GHz. 

[_] Calibrated frequency spans up to 2 GHz; up 
to 8 GHz full spans with Models 640 & 641. 

C1] Jitter-free phase-locked narrow spans with 
300 Hz Resolution. 

LJ High useful sensitivity to —115 dbm, (632). 
To —108 dbm for other Models. 
Conservatively rated at S$ + N = 2Nand 
I kHz Resolution BW. 

[J Internal tracking preselector to 18 GHz. 
Models 640 & 641. 

L_] 70 db log scale (10 db/div) plus 2 db/div 
and linear level scales. 


Get a Closer Look by checking the Reader Service Card — 
or — for immediate response, call, TWX or write to: 


MODEL 632 displays | 


00 MHz frequency marker “comb”. 
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|_| Bright, calibrated 8 x 10 cm display. Parallay- 


free internal graticule CRT plus scale 
illumination. Standard camera mount. 


__] Display Storage (Optional ). Internal memory 


provides long term display storage and recall. 
(Stored displays can be compared to 
incoming signals.) 


(J Interface for Tracking Generator (Optional) 


[J] Reliable modular solid state design. 
|_] Compact construction — 


Models 630, 631, & 632 are 7” high; 
Models 640 & 641 (with Internal Preselector) 
are 834” high. 
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Models 


632 
630 


640 
631 
641 


New N-R 600 Series 





n sidebands clearly r 


< 500 KHz to 2GHz 
10 MHz to 

40 GHz 7 Bands 
630 plus Internal 

Preselector 
10 MHz to 

40 GHz 6 Bands 
631 plus Internal 
Preselector 


. 300 sl bri sfsoe | - oo oa 
Look Closely at this New Series of 
pectrum Analyzers. 


portant features you need. Compact size. Low cost. 
range, spectrum displays up to 40 GHz. 
Select among five versatile easy-to-use models. 
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$10,150 
® 7,190 
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our Coil Eng 
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ineering Vice President put 
‘George McGinnis 
never designed 
a coil in 
his life”. 


Shown: custom engin- 
eered thermoplastic and 
thermoset molded coils for 
automotive applications. 








f 
Wabash, indiana 


Vw Z and Huntington, Indiana; Farmington, Missouri; 
~~ Tipton, lowa and South Boston, Virginia 





For information and quotes write or call: 
Wabash, Inc., Dept. CA- 2,810 N. Cass St., Wabash, Ind. 46992 Tel: 219/563-3111 TWX 810-290-2724 


For more information, Circle No. 4 
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Instrument as 
shown has pulse-burst 
option and optional handles. 


~ CMOS parametric testing 


makes special demands... 
Meet them with HP’s 8015A Pulse Generator. 


This pulse generator has standard 
features and options that make it 
ideal for MOS and CMOS para- 
metric testing. For example: 

You get dual-channel outputs, 
each variable to 16V. Or, they com- 
bine into a single 30V channel 
adjustable within a + 16V window. 
That versatility makes the 8015A 
compatible with CMOS, and most 
MOS devices. You can delay chan- 
nel B with respect to A for gener- 
ating 2-phase nonoverlapping 
clocks. And combine the adjust- 
ible B delay with A + B to generate 
three-level signals. 

Selectable source impedance 
on both channels lets you choose 
the best output termination config- 
uration for your application. Of 
course you can vary the width 
(1Ons to Is), transition time (6ns 
to 0.5s), and rate (1Hz to 50 MHz). 
High-speed capability lets you 
work with advanced TTL and HTL 
logic as well as MOS. And low rep. 
rates or manual operation let you 
slowly step through logic states. 


The 8015A options makes 
CMOS testing even easier. Pulse 
Burst (option 002) eliminates con- 
ventional gating problems. Just set 
the exact number of pulses you 
want (from | to 9,999) on thumb- 
wheel switches. That’s exactly 
the number you get...independent 
of pulse-rate settings. 

Upper Output Level Tracking 
(option 006) automatically keeps 
clock and data-pulse amplitudes at 
the proper level relative to the sup- 
ply voltage. This prevents CMOS 
circuit damage due to overvoltage 
on the inputs, even if the power 
supply is turned off. 

Direct Output Amplifier Ac- 
cess (option 004) lets you convert 
word generator outputs, or TTL 
signals, to MOS/CMOS levels, 
or amplify low-level analog control 
signals to MOS/CMOS levels. 

With Remote Control (option 
003), you can build the 8015A into 
a test system and control all pulse 
parameter ranges with digital sig- 
nals. Verniers are controlled by 


For more information, Circle No. 5 


current or voltage inputs. 

And TTL Output (option 005) 
gives you a Separate TTL com- 
patible, 5O-ohm output that tracks 
channel A output with fixed 
TTL levels. 

The 8015A, starting at $2,250*, 
gives you parametric testing flexibil- 
ity and saves valuable setup time. 

Or, if your need is for func- 
tional CMOS testing, consider HP’s 
SO11A. Priced at just $525*, it gives 
you high amplitude (to 16V) pulses 
at rates from 0.1 Hz to 20 MHz, 
and offers the Pulse-Burst Option. 

Contact your local HP field 
engineer for all the details. Or, write 
for the 801SA and 8011A data sheets 
and our Application Note 195 — 
‘Pulse Generator Techniques in, 
CMOS Applications.” 


*Domestic U.S.A. prices only. 
086/9 
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HEWLETT (hp; PACKARD 


Sales and service from 172 offices in 65 countries. 
1507 Page Mill Road, Palo Alto, California 94304 










OCTOBER 20, 1976 
VOLUME 21, NUMBER 19 








uP design 


COVER 


While all indications point 
to a “starry” future for 
fiber-optic connectors, 
other areas of connector 
systems show extensive de- 
sign activity as well. Using 
a connector supplied by the 
Amphenol RF Div. of Bun- 
ker Ramo, Art Director Dan 
Kicilinski created our cover 
to go with the story that 
begins on pg. 54. 
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Intel 8080 peripherals 


Now you can get microcomputer based products out 
of the lab and into production faster than ever before. 
Intel® 8080 programmable LSI peripherals give you 
the competitive advantage by helping you reduce 
design time, component count and manufacturing and 
inventory costs. Most of all they'll help you get to 
market first. 

Intel 8080 programmable peripherals are soft- 
ware controlled LSI replacements for hardwired SSI/ 
MSI logic assemblies. You simply attach the appropri- 
ate peripherals to the system bus and the +5V supply. 
Then, with system software, you personalize device 
operating configurations to suit your applications. 
Reconfiguration and design changes are made with 
software. No expensive and time consuming hardware 
redesigns are necessary. 

One peripheral, the 8253 Programmable 
Interval Timer, is the first LSI solution to system 
timing problems. It counts out I/O servicing delays, 
eliminating software timing loops and increasing CPU 
throughput. It also saves hardware when you need 
event counters, rate generators or real-time clocks. 
Each 8253 contains three 16-bit timer/counters. 

Our 8257 Programmable DMA Controller is 
the lowest cost way to handle applications that require 
high speed data transfer such as disks, magnetic tape, 
analog interfaces and high speed communication 
controllers. The four channel 8257 contains all the 
logic necessary for bus acquisition, cycle counting and 
priority resolving of the channel requests. 

The 8259 Priority Interrupt Controller replaces 
complex TTL arrays and minimizes component costs. 
The CPU can change interrupt structure “on the fly” 
to suit changes in the operating environment, such as 
time of day or process control parameters. The 8259 
handles up to eight vectored priority interrupts. 
Multiple 8259's can control up to 64 interrupt levels. 

Use the 8251 Programmable Communication 
Controller for “serial I/O” The first ttue USART ina 
single chip, the 8251 implements all popular com- 










8251 
PROGRAMMABLE 
COMMUNICATIONS INTERFACE 
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8255 
PROGRAMMABLE 
PERIPHERAL INTERFACE 





STANDARD SYSTEM BUS 


get you to market first. 
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munication protocols, including IBM Bi-Sync. For 
“parallel I/O) each 8255 Programmable Peripheral 
Interface gives you 24 versatile I/O lines to interface 
relays, motor drives, printers, keyboard/display and 
other parallel equipment. | 

Once you've selected the peripherals to fit your 
application, use the Intellec® Microcomputer Devel- 
opment System for both software and hardware 
development. Using the Intellec CRT terminal, call 
up the resident text editor. Write the source program 
to initialize the peripheral and the subroutines for 
peripheral/system operation. Then you assemble or 
compile the source programs into an object file using 
resident macroassembler or resident PL/M compiler— 
and store the object file on the Intellec diskette. With 
the relocation and linkage capability of the Intellec 
ISIS II diskette operating system, these routines can be 
added to a system library and called from user pro- 
grams as needed. Once the main system program is 
written, the new peripheral device routines are easily 
linked in. The entire program is now ready to be run 
on your prototype via the Intellec ICE-80™ in-circuit 
emulation module. ICE-80 lets you debug your soft- 
ware and hardware in your actual prototype environ- 
ment. Move from system integration and debugging 
to production in a fraction of the time previously 
required. 

Intel also provides applications assistance, 
training programs, the largest user's program library, 
and volume production support. Intel's 8080 program- 
mable peripherals give you the competitive advantage 
from start to finish. Be first to market. 

To order the new peripherals, contact our 
franchised distributors: Almac/Stroum, Components 
Specialties, Components Plus, Cramer, Elmar, 
Hamilton/Avnet, Industrial Components, Liberty, 
Pioneer, Sheridan or L.A. Varah. For your copy of our 
8080 System brochure write: Intel Corporation, 3065 
Bowers Avenue, Santa Clara, California 95051. 


Microcomputers. 


® 





First from the beginning. 


For more information, Circle No. 6 


It pays to look 








into Metal Glaze 
from all angles. 


Automated helix with 


100% electric test. 


Molded jacket protects 
against breakage 
during machine insertion. 


High-temp. soidered (not crimped) 
termination gives optimum electrical 
contact, 20-Ib. pull strength. 


*T™’MMetal Glaze is TRW trademark 
for its thick-film resistors. 


We have designs on you. Especially if you’re de- 
signing any type of low-power circuitry and need 
resistors with excellent load life stability and cost 
effectiveness. 


TRW/IRC Metal Glaze resistors can take the heat. 
For instance, their thermal characteristics are out- 
standing, resulting in lower operating temperatures, 
greater reliability. 

Another advantage, you can often double-rate 
our Metal Glaze resistors so you can use smaller 
resistors, saving board space. . 









Available color banded 
or stamped. 


Solid ceramic substrate 
for maximum heat conductivity, 
superior strength. 


Metal Glaze thick-film element 
fused to core at 1000°C. 

Provides a tough resistor 

system that withstands overloads, 
environmental extremes. 


The ability and toughness of Metal Glaze to with- 
Stand heat with minimum drift has been proven 
billions of times in all types of electronic equipment, 
worldwide. And they’re available in ratings <3 watts, 
21% tolerance, with ranges as lowas 1 ohm. 


For complete resistor choice including Metal 
Glaze, carbon comp., thin-film, wirewound and net- 
works, contact your local TRW authorized distribu- 
tor or sales representative. Or TRW/IRC Resistors, 
an Electronic Components Division of TRW, Inc., 410 
N. Broad St., Philadelphia, Pa. 19108, (215) 922-8900. 
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% Change in Resistance 


RG PULSE OR SURGE POWER RATING: 
MAXIMUM APPLIED POWER/PULSE ON TIME 
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300 uw Sec. 1M-Sec. 10M-Sec. 


100M-Sec. 
Note: Average power dissipation not to exceed component rating. 


Overload Protection 






500M-Sec. 


Rugged Metal Glaze construction provides excellent power surge 
capability. A %w unit will conservatively operate within specifications 
when exposed to 18w, 10mséc pulses, provided average power, and 
max voltage ratings are not exceeded. Ask us about your applications, 
including those requiring steady state conditions exceeding mil rated 


power. 


TYPICAL TO-55 DESIGN TOLERANCE 


Be al le eG ht er 
Res oe 10,000 HOURS 


PURCHASE T.C. OF FULL POWER 
TOLERANCE oe INSTALL & (+ 100PPM) | OPERATION 
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Minimum Design Tolerance 


(Design tolerance = a statistical summation of various parameters in- 
cluding load life, TCR, installation, and moisture resistance) All the 
features of Metal Glaze Resistors result in tight, predictable design 
tolerances which can be as low as +1.5%, depending upon your 
application. 


TYPICAL DISTRIBUTION OF 
TEMPERATURE COEFFICIENT OF RESISTANCE 





°C @ +150°C 


+50 


+100 


Absolute, Linear TCR 


T.C.’s of 50, 100, or 200ppm are specified across the entire resistance 
range from 19 to 1M. Our TC characteristic is essentially linear with 


temperature, and is a normal distribution centered near zero. 


Degrees Centigrade 


AVERAGE RESISTOR TEMPERATURE RISE 
VS. APPLIED POWER 


Bo eae 
NOTE: AVG. TEMPERATURE RISE AT FILM SURFACE; 
H4- USE FOR COMPUTING T.C.% R HH 
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* 025” dia. leads 
** 032" dia. leads 


High Thermal Conductivity 


A solid alumina substrate and other design fea- 
tures efficiently transfer heat from the resistor 
element. As an example, a “%w unit at full load has 
a hot spot temp rise of only 30°C, half the rise 
experienced in some other types. Cooler opera- 
tion means stability and reliability are optimized. 





Capless Terminations 


All Metal Glaze resistors have our exclusive high 
temperature soldered terminations. This capless 
construction means excellent pull strength and 
prevents substrate damage during assembly. With 
the additional protection of a molded jacket, 1/4w 
Metal Glaze resistors withstand a 20lb pull test. 


TRW irc Resistors 


ANOTHER PRODUCT OF A COMPANY CALLED TRW 


For more information, Circle No. 7 7 








O 


ur Complementary 
While Everyone 





Ic ,COLLECTOR CURRENT (AMPS) 


h 
2 


N 
oO 





















The 6609 is the first 
2N6609 Poaaats IDENTICAL ie. 2N3773 
g259 be ormance/price comple- $2.59 


ment to the industry- 
standard ’3773 


The first new product family 
specifically designed for MJ15001 


high power audio... Loe BE ie 
1 A(MJ15003/4) or 0.5 A 3 90 
(MJ15001/2) at 100 V. $3. 


A complementary pairing 
for cost-effective, 2N6569 


6o¢ 2N3055 replacement. 6o¢ 
MJ11011 MJ11012 




















$4.10 The first Darlington $4.10 
MJ11013 complements with... MJ11014 

$4.60 1,000 min gain at 20A... $4.60 
MJ11015 60 to 120 V Vexo...30 AI! MJ11016 

BOO $5.25 


All prices 250-999. 


Big Power-From Big Power People 
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Power Went Big SOA 
Else’s Went Nowhere 
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Nothing in the world does it better than linear silicon 
power in making small signals bigger and better. 


And nothing in the world does that better than new 
Motorola linear complements for 50 W and bigger jobs 
» in motor controls, disc drives, audio amps and regulators. 


use nobody in the world expands state-of-the-silicon 
er art like us. 


ngs better than ever — simplify circuits with 
coupled complementary symmetry ...realize 
frequency stability ...accomplish 
istortion design...achieve high efficiency and 
le performance economically. 


t with the ruggedest complementary SOA’s around. 


with your choice of the finest NPN or PNP 
devices in the business...discretes or Darlingtons. 





Do it with equal performance at equal price! 


Do it with Motorola linear silicon power. Because 
were bigger in it than anyone else. . 


Socko! 


MOTOROLA Semiconductors 


Motorola Semiconductor Products, Inc., Box 20912, Phoenix, AZ 85036 








For more information, Circle No. 8 9 
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Who needs the BET degree? 


My August 5, 1976 editorial, 
which discussed the establish- 
ment of a formal qualification 
procedure for the practice of 
electronic engineering, generat- 
ed a flood of reader responses. 
Obviously, my ideas are quite 
controversial, as evidenced by 
the following thought-provok- 
ing replies. 

Walt Patstone 

Editor 


BET interested in design? 


Dear Mr. Patstone, 

Your editorial of August 5 
contains a number of misleading 
statements. At the outset, if the 
surplus of qualified EE’s truly 
exists, then they should be 
employable in preference to the 
engineering technologists. Sala- 
ry data indicates that money’s 
probably not at issue; the BET 
graduate is hired at comparable 
cost to the employer. 

It seems incongruous to 
discuss on the one hand that 
engineering technologists ‘are 
definitely not as qualified as 
BSEE graduates to hold design- 
engineering positions,’” while 
dismissing any consideration of 
program content. BET curricula, 
for the most part, emphasize the 
design process. What is more 
important, the typical BET stu- 
dent is more interested in design 
than his BS counterpart. Howev- 

| doubt that industry needs 
any new hurdles to separate the 
men from the boys, such as the 
examination and license route. 
The creation of documents 
attesting to competency in 
specific skills is already provided 
in the Professional Engineer’s 
Examination. 
The real test of competency, 
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as always, is on the job. There, 
many BS graduates sorely miss 
the laboratory and design cours- 
es that were eliminated to make 
room for more mathematical 
analysis. By the same token, BET 
graduates miss the analysis and 
basic science. However, both 
have had the same maturing 
process that earning an under- 
graduate degree provides; both 
have learned how to learn; and 
neither can blame success or 
failure on what happened in a 
classroom years or weeks ago. 

The industry reaction to the 
BET appears to be (paraphrasing 
your last sentence) “If a BET is 
better qualified for a position 
than an EE, he'll get the job.” In 
these days of ‘‘equal opportuni- 
ty” and ‘‘affirmative action,” can 
we justify acting otherwise? 


William F. King 
Andover, MA 


A BS plus internship 


Dear Mr. Patstone, 
Your editorial does much to 
enlighten the practicing EE to the 
BET problem and ‘‘to prevent a 
dilution of our profession by 
sub-professionals.’” However, | 
disagree on one issue: A BSEE 
degree and nothing less should 
be a minimum requirement of 
acceptance as an engineer. 
Holders of BET degrees had their 
chance to enroll in an engineer- 
ing curriculum—they chose not 
to! They are no more qualified 
to be even considered engineers 
than a baccalaureate in nursing 
is qualified to be a physician. 

| believe that the minimum 
requirements to be considered 
an engineer should be a BS 
degree plus four years of 
engineering internship (i.e., 
documented engineering expe- 
rience) and a P.E. license. 
Graduate degrees, the MS and 


PhD, should be treated as 
additional qualifications as they 
are for physicians. 


Philip G. Dragonetti, P.E. 
Largo, FL 
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Zilog products 
are available 


now. Contact: 


ALABAMA HUNTSVILLE 
Technology Marketing Assoc. (205) 883-7893 
ARIZONA MESA 

Nakoma (602) 834-6549 
CALIFORNIA GOLETA 

The Thorson Company (805) 964-8751 
CALIFORNIA LOS ANGELES 
The Thorson Company (213) 476-1241 
CALIFORNIA MOUNTAIN VIEW 
The Thorson Company (415) 964-9300 
CALIFORNIA SAN DIEGO 
Littlefield & Smith Assoc. (714) 277-8044 
CALIFORNIA TUSTIN 

The Thorson Company (714) 544-5121 
COLORADO BOULDER 

RG Enterprises; Inc. (303) 447-9211 
FLORIDA ORLANDO 

Technology Marketing Assoc. (305) 857-3760 
FLORIDA POMPANO BEACH 
Technology Marketing Assoc. (305) 942-0774 
ILLINOIS CHICAGO 

Mar-Con Associates, Inc. (312) 675-6450 
INDIANA CARMEL 

S.A. Marketing Corp. (317) 844-7196 
MASSACHUSETTS WALTHAM 
Impact Sales (617) 893-2850 
MICHIGAN BRIGHTON 

S.A. Marketing Corp. (313) 227-1786 
MICHIGAN GRAND RAPIDS 
SAI. Marketing Corp. (616) 942-2504 
MINNESOTA MINNEAPOLIS 
Quantum Sales; Inc. (612) 831-8583 
MISSOURI FLORISSANT 

S.A. Marketing Corp. (314) 837-5200 
NEW JERSEY WALL TOWNSHIP 
Quay Corporation (201) 681-8700 
NORTH CAROLINA RALEIGH 
Bob Dean, Inc. (919) 851-2065 
OHIO BEACHWOOD 

S.A.l. Marketing Corp. (216) 292-2982 
OHIO CINCINNATI 

S.A.|. Marketing Corp. (513) 761-5432 
OHIO DAYTON 

S.A. Marketing Corp. (513) 277-8911 
PENNSYLVANIA PITTSBURGH 
S.A. Marketing Corp. (412) 782-5120 
TEXAS DALLAS 

The Thorson Company (214) 233-5744 
TEXAS HOUSTON 

The Thorson Company (713) 771-3504 
VIRGINIA ALEXANDRIA 
Dyna Rep Company (703) 354-1222 

WASHINGTON BELLEVUE 
SDR? Products & Sales (206) 747-9424 


CANADA 
CALGARY, ALBERTA 
Westronic Engineering (403) 253-5585 
OTTAWA, ONTARIO 
Datagraphics (613) 225-0411 - 
TORONTO, ONTARIO 
Datagraphics (416) 622-6752 


DENMARK 

SC Metric A/S 02/80 42 00 
ENGLAND LONDON 

Cramer Electronics 01/579 3001 
FINLAND 

FINN Metric OY 90/46 08 44 
FRANCE BOULOGNE 

A2M  603-66-40 


GERMANY MUNCHEN 

Kontron Elektronik GMBH 08165/771 
ITALY MILAN 

Ezimar SPA, 2-3493-041 
NETHERLANDS AMSTERDAM 

Tekelec Airtronic 020-92 87 66 
NORWAY 

Metric A.S. 02/28 26 24 


SWEDEN SOLNA 
Scandia Metric AB 08/82 04 00 











he Battle 


of the SOS continues: 


With the introduction of Zilog’s Z-80 microcomputer products 
the tide is turning in the battle for supremacy. 


The Z-80 is a third generation 
LSI component set including 

CPU and I/O Controllers with 
full software support and sec- 
ond sourcing available now. 


A single chip, N-channel proc- 
essor arms you with a super- 
set of 158 instructions that 
include all of the 8080A’s 78 
instructions with total soft- 
ware compatibility. The new 
instructions include 1,4,8 and 
16-bit operations. That means 
less programming time, less 
program storage and less end 
costs. And you get memory- 
to-memory or memory-to-|/O 
block transfers, nine types of rotates and shifts, 
bit manipulation, a legion of addressing modes 
and a standard instruction speed of 1.6usec. 
The Z-80 CPU and peripheral circuits require 
only a single 5V power supply and a single 
phase clock. With these circuits you can inter- 
face directly to a wide range of both parallel 
and serial interface peripherals and even 
dynamic memories without other external 
logic. With all these features you'll require 
approximately 50% less memory space for pro- 
gram storage and you'll get up to 500% more 
throughput than the 8080A. 


The Zilog Batallion includes a development 
system with: Z-80 CPU Card with 4K Bytes of 
ROM/RAM Monitor software e 16K Bytes of 
RAM memory, expandable to 60K Bytes ¢ Real 
Time Debug Module and In-Circuit Emulation 


Features: 


Power Supplies 


Standard Clock 
Speed 


Interface 


Interrupt 
Instructions 


OP Codes 


MMSE eletunngintnobatetorsuvemech 
8080A Z80-CPU 8080A Z80-CPU 


2, +12 Volt 1,5 Voit Working Registers 


DC to 400ns | Static Operation 
Non-maskable 
interrupt 


Requires no 
other logic 
and includes 
dynamic RAM 
Refresh 


Requires 
8222,8228 
& 8224 


244 


Full TTL 
Compatibility 


No 
No 
Throughput U 


3 modes: up 
to 6X faster 


158* Program Memory 


696 








Zilog = microcomputers 


170 State Street, Los Altos, California 94022 
(415) 941-5055/TWX 910-370-7955 


AN AFFILIATE OF EXXON enterprises Inc. 


p to 5 times greater 
than the 8080A 


Generally 50% less 
than the 8080A 


*Including all of the 8080As instructions. 


Module e Dual Floppy Disc 

_ System e Software Package 
including Z-80 Assembler, 
Editor, Disc Operating Sys- 
tem, File Maintenance and 
Debug. 
We'll support this with resident 
microcomputer software, time 
sharing programs, software 
libraries and high-level lan- 
guages such as PL/Z. 


A reserve of reinforcements 
is ready. The Zilog Z-80 brings 
to the battlefront new levels 
of performance and ease of 
programming not available in 
second generation systems. 
And while all the others busy themselves with 
overtaking the Z-80, we’re busy on the next 
generation—continuing to demonstrate our _ 
pledge to stay a generation ahead. 


The Z-80’s troops are the specialists who were 
directly responsible for the development of 
the most successful first and second genera- 
tion microprocessors. Nowhere in the field is 
there a corps of seasoned veterans with such 
a distinguished record of victory. 


Think of your next microcomputer as a 
weapon against horrendous inefficiencies, 


outrageous costs and antiquated speeds. 








ee: 


SIGNALS and NOISE 


Controllable obsolescence 
Dear Mr. Patstone, 

What callous and efficacious 
snobbery you present in your 
August 5th editorial! 

While | concede that a degree 
attests to a strong background in 
the basics of one’s technical 
major, strengthens one’s rea- 


4 


Compatibility 


soning powers and aids in the 
development of ‘engineering 
curiosity,’”’ this does not neces- 
sarily assure that the end result 
will be a good design engineer. 

Undergraduate courses are 
generally several years behind 
the state-of-the-art, which, in a 
rapidly changing area like elec- 
tronics, is a lifetime. Even if the 
courses could be kept current, 
engineering obsolescence can 





2% 
teability 


Begins With The Best 
If you're feeling locked-in to proprietary connector designs 
e AMP e Continental e Burndy 
e Winchester 


and want a fresh start in delivery and price, call today... 





_ “, -Representatives and Distributors located in all principal cities. 





CONNECTOR DIVISION 








i| POSITRONIC 
INDUSTRIES, INC. 


208 W. Center @ Rogersville, Mo. 65742 


Telephone 417-753-2851 @ Telex 436445 









For more information, Circle No. 10 
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occur within a year or two of 
graduation. This, ! believe, is a 
controllable parameter. Even if 
one’s employment provides only 
a narrow view of technology, 
there are available many jour- 
nals, magazines (such as yours), 
continuing education programs 
or at-home hands-on _ experi- 
ence if the initiative is exercised. 
Colleges provide a background 
or foundation; they do not 
provide a person with the 
necessary tools to develop 
producible, cost-effective de- 
signs—this comes from experi- 
ence only. 

You attempt to raise engineers 
to a “‘super-professional’’ stat- 
ure such as enjoyed by the AMA 
or ABA, but your tactics emerge 
more in tune with the closed 
shops of the unions. Personally, 
| would prefer to judge a man by 
his capability and not by his 
pedigree. 


William T. Simonin 
Senior Staff Engineer 
Honeywell, Inc. 

St. Petersburg, FL 


“Both belong in industry.” 
Dear Mr. Patstone, 

Regarding the ‘‘depth vs. 
breadth” controversy between 
BET and BSEE degrees, the whole 
discussion is a lot of BS anyway, 
(pardon the pun). The final 
result of either is the individual 
and his performance on the job. 
Too many in this profession hold 
a generally over-inflated view of 
a university graduate in both 
expectation and salary net 
worth. A graduate of a good BET 
program, on the other hand, has 
had a higher concentration of 
the practical applications of the 
state-of-the-art without the his- 
tory, language or other nonap- 
plicable studies required by 
universities for a BS. Both 
belong in the industry, and the 
decision as to which to hire 
should be the employer's. 


Thomas W. Burnet 
Woodstock, IL 
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Problem 


Interacting low-frequency filter adjustments. 


It’s a typical problem. 

Your finished prototype 
usually contains multiple 
adjustments — which means 
you use a lot of time tuning 
your filter for top per- 
formance. 

If you’re designing filters 
to operate in the 5Hz to 
5OkHz range, you now can 
stop using so much time, 
stop being bothered by in- 
teractive adjustments. Our 
3580A combines a built-in 
tracking oscillator, wide 
dynamic range, and digital 
storage to help speed and 
simplify every step of your 
next filter design. Follow 
this typical example and 
learn how the 3580A 
can help. 

Step 1 With the 3580A, 
observe your spectrum and 
determine which frequency 
components to pass, which 
to attenuate. Decide the 
best type of filter to get 
the performance you need. 
Design your filter. 

Step 2 Once you've 
selected your components 
and breadboarded a proto- 
type, you can analyze your 
filter’s performance with the 
3580A. Its 80 db dynamic 
range gives you a Clear 
view of everything taking 
place so you know exactly 
how your prototype 1s per- 


Solution 


HP’s 3580A Spectrum Analyzer. 


Benefit 


Time saved, tuning simplified. 


Siep 


Analyze your spectrum. 





Step 2. 


Adjust your prototype’s response. 





Step 3. 


Compare all production filters with the 
stored standard. Note the analog look 
that you get with HP’s digital display. 








il 


HEWLETT (fp; 


ACKARD 


Sales and service from 172 offices in 65 countries. 
1507 Page Mill Road, Palo Alto, California 94304 
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forming. Now with the 
tracking oscillator driving 


your filter, you can trim com- 


ponent values to optimize 


filter performance. Note how 


the tracking oscillator lets 
you observe the influence 
of each adjustment on filter 
performance — how it re- 
duces the frustration you 
experienced before with 
interactive adjustments. 
Step 3 Package and 

build your first production 
filter. Use the 3580A’s 
digital storage to super- 
impose both waveforms for | 
simultaneous viewing —a big 
advantage of the 3580A. 
Now set up and store the re- 
sponse of a good production 
filter and simply compare 
other production units 
against the good one, making 
adjustments as needed. 

All of the capabilities 

in one instrument 
gives you extra 
value in your filter 
design and pro- 
duction. It’s 
priced at $4485*. 
Your local HP 
field engineer 

can give you all 
the details. Or 
write for our 8- 
page technical 
data sheet. 


*Domestic U.S.A. price only. 


096/43 
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SIGNALS and NOISE 


A Marxist view? 


Dear Mr. Patstone, 
After decades of pressure-group 
warfare and pull-peddling in 
Washington, the Marxist view of 
government has now burst 
boldly into print in the pages of 
EDN magazine. 

You and others propose that 
engineers should live up to the 





Research shows that the enclosure 
accounts for 48% of your product's salability. 


old collectivist attacks against 
capitalism by forcibly restraining 
competition from ‘‘outsid- 
ers’’—engineering technolo- 
gists. At a time when the IEEE is 
being denounced for academic 
elitism, one would expect the 
injustice of elitism in the 
profession as a whole to be 
denounced with equal fervor. 
What is the nature of your 
argument? The editorial begins 





People buy looks. And they buy quality. 

The VIP Series 19 is the perfect combination of functional 
design and precision engineering. It gives your product a 
custom quality appearance. And the rugged strength that lets 
you know the quality doesn’t stop at appearances. 

There is complete accessibility from top, bottom, front 
and rear. All 10 sizes accept standard EIA panels in heights 
from 5's" to 28” You can choose from a variety of decorator 
colors, or we'll paint to match yours. 

Despite the versatility and custom look, standardized 
components mean two-week delivery and off-the-shelf prices. 
Hire the best salesman you can get for your product. 

VIP Series 19. It says the nicest things about you. 


_ SY 
ZERO 
We make you look good. 
Burbank, CA 213/846-4191 - Monson, MA 413/267-5561 - Clearwater, FL 813/531-8991 


Call me, I’m interested—Circle No. 14 For Mail Catalog—Circle No. 15 
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by asserting that BET programs 
are inferior in quality to BSEE 
programs. It concludes from this 
that mandatory licensing should 
exist. Forced discrimination 
against BET’s requires some 
metaphysical basis, and this 
apparently is all you could find. 

Sandwiched between the 
premise and the conclusion, as if 
to sever their link and discour- 
age us from asking too many 
questions, a contradicting asser- 
tion declares that questions 
about the quality of BET pro- 
grams are irrelevant. The editori- 
al further dilutes its argument by 
condescending to let BET’s enter 
the profession if they can ‘meet 
other screening requirements.” 
It seems that BET’s might be 
qualified for design work, after 
all. 

The editorial is self-con- 
tradictory in yet another re- 
spect: If BET’s weren’t compe- 
tent to do design work, there 
would be no incentive to 
restrain them. Incompetence 
cannot be perpetuated without 
precisely the protection from 
competitors that you advocate. 


D.W. Johnson 
Huntington Beach, CA 


What is the true test? 


Dear Mr. Patstone, 

| have never noticed a correla- 
tion between a person’s degree 
and his level of engineering 
competence. Many very good, 
intelligent designers do not have 
a sheepskin; yet there are any 
number of PhD’s and BSEE’s who 
don’t seem to have a brain in 
their head! 

Beyond that, while one can 
test for technical book learning, 
it’s extremely difficult to test for 
good engineering judgement or 
ethics. What qualities should a 
design engineer have and how 
do you propose to test for them? 


Robert A. Pease 
San Francisco, CA 
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Down to earth economy from C 


Overall cermet resistor network economy is.what 
CTS has been putting into modern systems for well 
over a decade. For example, Series 760 DIP cermet 
networks, purchased in quantity, can cost less than 
30¢ each. 

And on the PC board, they offer still more 
economy by saving valuable space. Quick, auto- 
maT LiLomLatcicll eclclelame (c1<cmn’Zole mmole] au ar-(aleliiaremerey-)com- Lule 
inspection time. You eliminate many separate com- 
ponents. And CTS production methods assure not 
only the highest quality product, but the fastest de- 
livery, too. 

ViVdntitacmelalsKe mele] maalelacm(at-lam-mlen-)¢-larel- (come) iil (lo 
shelf 14-pin and 16-pin DIP cermet resistor 
networks won’t meet your circuit requirements, 
we'll custom design the network you need in either 


1 | 


TS 


sian EO ole) gam Rotel o) [aim of-(o1.¢-Ce|- mere] aline|eic-tcelap 

CTS Series 760 DIPs’ stability and reliability are 
remarkable. Over 900 million hours of test data on 
CTS cermet resistor networks prove CTS reliability 
with an established failure rate of only 0.00051% per 
1000 hours @ 95% confidence level — con- 
siderably superior to military failure level S of 
established reliability specs. With failure so low, 
you enjoy the ultimate in long-range system 
economy. 

See for yourself the many ways CTS reliable, 
economical DIPs can benefit you. Write for your 
copy of our reliability report and complete 12-page 
cermet resistor network catalog. CTS OF BERNE, 
INC., 406 Parr Road, Berne, Indiana 46711. Phone 
(219) 589-3111. 


Om Bh Wele)-\-10)-)- wale). 


sal datstaemiareltctars! 
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Ledex Linear Solutions... 
off-the-shelf 
Or 11 |(@) get parsle (= 


Whatever your linear actuation needs 
with Ledex for the answer. Over 100 
variations are waiting on the shelftoi 
hour delivery of your prototype 
Models range from aspace saving }/ 
tubular solenoid to a hefty 33/9” pan 
solenoid that will develop up to 350 po 


Ledex Inc. 


123 Webster Street, Dayton, Ohio 45401 (513) 224-989] 


For more information, Circle No. 17 











SIGNALS and NOISE 


“Let’s not discriminate...’’ 
Dear Mr. Patstone, 

Your entire editorial carries the 
stench of ‘‘why don’t we 
unionize to protect us profes- 
sionals.”” Our industry and our 
country has thrived on free 
enterprise and the attitude of 
“let’s quit talking about it and 
just get out and get the job 
done.” Given time, the best 
qualified designer comes to the 
top. Let’s not discriminate or 
incriminate because of race, 
creed, color, sex or title. 


FE. John Sutton 
Sandia Laboratories 
Albuquerque, NM 


Qualification vs. protection 


Dear Mr. Patstone, 
Concerning your editorial, 
‘Who Needs the BET Degree,” 
are you concerned with qualifi- 
cations or “protection” of jobs? 

If in fact qualifications, be at 
peace. Who else but the 
qualified person will get and 
hold a job in any industry where 
survival depends on productivity 
(government agencies exclud- 
ed)? If instead the concern is 
‘‘protection’’ of jobs, what 
actually creates and sustains jobs 
if not productivity, again? 

What of our industry's pro- 
ductivity (jobs) with your criteria 
“If a BET is better qualified for a 
nondesign position than an EE, 
he should get it’? Will our 
industry be more productive and 
secure if the best qualified are 
chosen only for nondesign 
positions? One of the best circuit 
designers | know has no formal 
EE education. 

Nonproductivity- oriented, 
job-“protection” criteria have 
been widely used, of course. 
Witness Britain where they’ve 
‘‘protected’’ themselves right 
out of jobs altogether. 


Jerald Graeme 
Manager, Monolithic Engineering 
Burr-Brown 
Tucson, AZ 
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Line surges, lightning, relays, solonoids, 
motors and inductive loads, automobile 
ignition, static electricity, hash, 

noise... transients! 


Microprocessing capabilities will take 
your next product design into new and 
hostile environments. How are you going 
to protect that expensive microprocessor 
circuit from damaging transients? 


We have the answer: the new P-Series 
TransZorb. Tailor-made for microprocessor 
circuits, .P-TransZorbs are available with 
voltage ratings from 5 Volts to 45 Volts. 


Now you can provide maximum transient 
protection for your microprocessor and 


se . GENERAL 


Transients can strike from anywhere, 
rd your microprocessor desig 
with a £cP-Series TransZorb. 


build-in unparalleled reliability. Field 
service calls are expensive, so it makes 
good sense to design-in transient 
protection from the very start; for $1.72* 
can you afford not to? 


It's the best way 


Electrical system disturbances, such as 
static discharges, can result in transients 
exceeding 10,000 Volts. Placing 
uwP-TransZorbs across Vss, Vdd, or Vcc 
lines and transient-prone data lines will 
maintain circuit voltages at nearly constant 
levels, even with surges in excess of one 
hundred amps. And TransZorb’s response 
time is a blazing one picosecond! 


>> SEMICONDUCTOR 


*f- 


INDUSTRIES, Inc. 


2001 WEST TENTH PLACE e TEMPE, ARIZONA 85281 ° 602-968-3101 « TWX 910-950-194e 
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TransZorbs were subjected to over 
5.6 million device pulses with results 
unparalleled by any other transient 
Suppression device. 


Get the whole picture: 


We have complete data sheets 

available, with application notes. Don't 
commit your microprocessors to an 

alien environment without adequate 
protection. Send for your copies, or call us, 
our response time is pretty fast, too. 

*Unit price in 10,000 pc. quantities. 


From the makers 
of TransZorb - 
“The Volt 
Getter.” 


TM Trademark 
General 
Semiconductor 
Industries, Inc. 
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Now, an alternative 





Beckman introduces precision 
film networks. 


The board geography savings are obvious. 

But our standard, 16-pin Series 698 Precision 
Film Resistor Networks mean much more. 
First, they’re competitive in purchase cost with 
thin film discrete resistors. And, when you 
consider inventory and handling costs, lead 
bending, QC and other factors, they mean 
about a 30% savings in “on-the-board” costs. 

That isn’t all. Beckman precision networks 
have better performance and stability than 
unmatched discretes. With +5 ppm/°C tracking, 
the matched resistors in our dual in-line 
packages feature (1) absolute 1% resistance 
tolerance ratioed to 0.5%, and (2) +50 ppm/°C 
tempco. 

The two models (see schematics) are standard 
size and pin-spaced for automatic insertion. 
Series 698-1 comes in 17 stock resistance 





in the precision resistor world. 


values; Series 698-3 in 20 stock values. And 
these parts can be coupled, in series or parallel, 
to obtain other values in gain-setting, summing 
and feedback circuit applications. 

The 1,000-piece price: just 65¢ for the 698-3 
(8 resistors), 81¢ for the 698-1 (15 resistors). 
Compare with discretes! 

And remember: they’re standard... for quick 
delivery, off the shelf through our widespread 
distribution. 





Get into the world of precision resistor 
networks. For more data, and applications 
information, contact your local distributor or 
Beckman Helipot today at (714) 871-4848, 
Extension 1776. 


BECKMAN’ 


HELIPOT DIVISION 
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EDITORIAL 








The latest craze—Home Computing 


Call it what you will—a craze, a fad, or a brief romance—home (or 
personal) computing is here and growing fast: Today numbers of 
manufacturers offer relatively low-cost microprocessor/ 
microcomputer kits; hundreds of computer stores have sprung up 
throughout the country; computer-hobbyist magazines like BYTE 
and INTERFACE are being published; many computer clubs now 
exist; and a computer-hobbyist conference/exhibition has arrived 
on the scene (recently held in Atlantic City, NJ). Soon you'll be able 
to stop at your local computer store and purchase the computer 
program of your choice on cassette or some other low-cost 
recording medium. 

So with all these tools available (including EDN, of course), 
anyone can learn the in’s and out’s of computing. And it can be a fun 
project at the same time. 

How does all this relate to EDN’s readers? Well, many hardware 
designers are working on projects right now who know that the best 
design solution should be a digital /P/computer approach. Yet for 
numerous reasons that approach is not taken. In some instances, 
the designer feels he doesn’t know enough about computers or 
programming; in others, his superiors are skeptical of the pP’s 
importance, so they won’t make the necessary investment. 

Should it all end there? Absolutely not! | know lots of hardware 
types taking the hobbyist/home-computing route. some have used 
what they learned to develop home projects and computer games, 
others have proved that the best solution for their work project isa 
computer approach and thus been able to convince their bosses. 

For those of you who've read this far but are saying to you rselves, 
“‘Forsberg’s possibly right but | don’t have the money to find out for 
sure,” here’s the answer! Try attending a few computer-club 
meetings. It costs little more than your spare time; yet you'll 
probably find answers to most of your questions. 

What happens at a computer-club meeting? Can you really get 
expert help if you become a computer hobbyist and run into a snag? 
Check John Conway’s story about a typical computer-club meeting 
in our October 5 news section to find out. 


boy t Foley. 


Roy Forsberg 
Editorial Director 
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N.... a single inte- 


grated circuit, our TAD-32 (Tapped Analog 
Delay), can provide filtering with passband- 
to-stopband ratios of 40 DB or more per de- 
vice. Simple variation of the clock sampling 
rates over 5 decades will accordingly shift a 
given filter characteristic. Transversal or 
recursive filters can be constructed with over 
60DB dynamic range and linear phase. 
Tapped delays up to several hundred milli- 
seconds are possible. 
_ Discrete time analog 
Signal processing using charge transfer de- 
vices is a reality at RETICON. 


The TAD-32 is just one 
device in this growing family. 

We don’t just talk about 
them, we make them. | 


_ THIS DIP 
DOES IT ALL. 








MEE BC EES 
ABBE 


RETICON’ 


910 Benicia Avenue, Sunnyvale, California 94086 
PHONE: (408).738-4266 TWX: 910-339-9343 
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RCA presents the 


variable op amp. As easy 
fo use as a transistor. 





The CA3080 variable op amp is the first differ- 
ential-voltage input, current output op amp. Likea 
transistor it has a control input—one that lets you 
vary not just voltage but also power, bandwidth, 
slew rate, input current and output current. It can 
be programmed and/or signal modulated to select 
the optimum gain, speed, bandwidth and power. 
And the output can sink or source current. 


It puts the designer in complete charge. 

This wide range of operation gives you unu- 
sual design flexibility. You can create simplified 
versions of present designs ... or take unique 
approaches to new designs. You have linear gain 
over a 6-decade range to work with. A50V/us slew 
rate. Power levels adjustable from below 1 uW up 
to 30 mW. And if you need more than 1 mA output, 
the CA3094 has integral Darlingtons to provide 
300 mA peak output. 





In short, you can “shape” the variable op amp 
to fit the job—and create big circuit savings. 

How much does all this flexibility cost? 
Amazingly little: 55¢ for the 3080E and 65¢ for 
the 3094E, at the 1K level. 

For datasheets and application notes on these 
op amps, contact your local RCA representative. 
Or RCA. 


Write: RCA Solid State. Box 3200, Somerville, 
N.J. 08876; Sunbury-on-Thames, Middlesex 
TW16 7HW, England; Ste. Anne de Bellevue 
H9X 3L3, Canada; Fuji Building, Tokyo, Japan. 
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RCA. Full house in Linear ICs. 
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Sharpen your competitive edge. 


Use an HP computing calculator for 
design, analysis, control, and test. 


In the highly competitive, 
high-technology electronics 
business, everthing counts: 
keeping costs in line, explor- 
ing promising design alterna- 
tives, shortening lead times, 
product and prototype testing, 
increasing productivity. That’s 
where HP computing calcu- 
lators, software, peripherals, 
and interfacing capabilities 
come in. They can help you 
get and maintain a competi- 
tive edge. 


Three computing calcula- 
tors and plenty of peri- 
pherals: it’s your choice. 
Three different models—the 
low-cost HP 9815, the power- 
ful HP 9825 and the all-pur- 
pose HP 9830— offer a range 
of computing power. 

HP peripherals include 
paper tape punch and readers, 
printers, storage devices, a 
digitizer, a CRT, and an X-Y 
plotter. You choose the 
model and I/O options to con- 
figure a system just right for 
you. 





















Software, specialized and 
generalized, helps you 
look at more alternatives. 
HP engineers developed soft- 
ware to optimize designs and 
analyze engineering problems 
quickly. There’s a State Vari- 
able package for control sys- 
tem analysis. There’s CNAP 
for circuit design and analysis, 
BAMP for microwave design 
and analysis, and Digital Sim- 
ulation for state and timing 
analysis. 

You can add other pro- 
grams, too—commonly 
needed math routines and sta- 
tistical programs to name but 
two. Programs are also avail- 
able for accounting applica- 
tions, report generation, and 
financial analysis. 


Automate your instru- 
ments. We make the con- 
nection friendly. From sim- 
ple data logging to complex 
integration, our programming 
commands and interface cards 
make instrument interfacing 
easy. Whether your instru- 
ments require BCD, bit-par- 
allel, RS-232-C, or HP-IB 
(HP’s implementation of IEEE 
Standard 488-1975), you 
plug the correct interface into 
the calculator and connect the 
cable to your instrument. It’s 
the friendly connection. 


HP computing calcula- 
tors: from initial design to 
final test. Whether you’re in 
research, design, production, 
or test—or all four—we can 
provide the computing power 
and programs to help you in- 
crease productivity and sharp- 
en your competitive edge. 
Our new brochure for elec- 
tronic engineers will show you 
how. Get a copy from your HP 
representative, or circle our 
reader service number in this 
magazine. 
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HP desktop computing systems put the power where the problems are. 
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Sales and service from 172 offices in 65 countries. 
P.O. Box 301, Loveland, Colorado 80537 
For assistance call: Washington (301) 948-6370, Chicago (312) 677-0400, 
Atlanta (404) 434-4000, Los Angeles (213) 877-1282, Toronto (416) 678-9430 


For more information, Circle No. 12 
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Like a spider spinning a web 
from its entrails, the earth’s first 
satellite colony will spread its 
glistening steel beams across the 
heavens, finally growing into a 
19-mile long, 4-mile wide orbit- 
ting colossus—or large enough 
romero) of Xela em LOR L000 oX-xe) ol (— 
Meanwhile, bulldozers will 
mine the plains of the barren 
rar tamcinar-(e-Pemcrocoye) olf areamey om colar: 
of lifeless moon dust and rocks 
WV allel ePeelicclaeclial (cialar-aelalcomciicU 
blocks by the sun’s heat, will be 
launched into space: Buckets 
racing down tracks will use the 


weak lunar gravity and lack of 
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atmosphere to hurl over an 
11-year period half a million tons 
of these blocks free from the 
moon’s orbit. 

A quarter-million miles away 
back at the growing colony, this 
steady stream of lunar materi- 
al—soil and atmosphere for a 
new world in space—will be 
trapped by a mass catcher and 
ferried toward the colony. 


Space habitat or cosmic folly? 


This bold proposal—which 
gained the serious and full 
support of at least one presiden- 
tial candidate!—is presently 











scientists 


analysis viewpo 
the green light, 


could begin immediately. 

sye-Thate alice fmce) ama ca au evercicelamm Olalce 
versity physicist Gerard K. 
O'Neill, this plan has a major 
economic advantage over ll 
previous colony schemes: It is 
far more economical to use the 
matter and energy of space than 
to launch these metals and 
chemicals from earth. _ 

For example, raw materials 
from the lunar surface (rich in 
Puieiaayialelammeiclalielsmevaremey.d(el-9 
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A Complete Controlled Signal Source 
from 6000 KHz to 60 MHz 


The MOE series is designed for direct 
plug-in to a standard dip socket. The 
miniature oscillator element is a com- 
plete source, crystal controlled, in an 
integrated circuit 14 pin dual-in-line 
package with a height of 1% inch. 


Oscillators are grouped by frequency and 
temperature stability thus giving the user 
a selection of the overall accuracy 
desired. Operating voltage 6 vdc. Output 
wave shape — non sine. 


MOE-5 
Crystal Range 
6000 KHz to 60 MHz 
OVERALL ACCURACY 
+.002% -10° to + 60°C 
25°C Tolerance 
Zero Trimmer 
$35.00 


MOE-10 
Crystal Range 
6000 KHz to 60 MHz 
Overall Accuracy 
+.0005% -10° to 60°C 
25°C Tolerance 
Zero Trimmer 
$50.00 


International Crystal Manufacturing Company, Inc. 
10 North Lee, Oklahoma City, Oklahoma 73102 


For more information, Circle No. 88 
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and later the asteroids (abound- 
ing in high-grade iron ore, 
nickel, carbon, nitrogen and 
hydrogen) will provide the 
materials, electricity, and even 
rocket fuel for the colonies. 

To facilitate matters, all early 
colonies will orbit the L5 
Lagrange liberation point—one 
of several areas within the 
moon-earth system with a bal- 
anced gravitational pull from 
both bodies. Thus, these colo- 
nies will need no energy to 
remain in orbit. 


Islands under the sun 


The first colony will be shaped 
like a toroid, cylinder or sphere; 
if a cylinder, the shell will consist 
of alternate sections of metal 
and glass running down. its 
length. 

Spun once every two minutes 
to create an artificial gravity, the 
colony will have one end-cap 
always pointing toward the sun. 
Slowly swinging open and shut, 
three aluminum mirror panels 
can then reflect sunlight into 
each mini-world, simulating a 
dawn-to-dusk 24-hour day-and- 
night cycle. 

The land, covered with soil 
and forests, rivers and lakes, 
valleys and hills, will be dotted 
with homes and towns to create 
an earthlike topography to 
attract the many talented work- 
ers and their families needed to 
man the factories. 

How will the lunar soil be 
enriched? Rocket shuttles from 
earth to the space sites will carry 
tanks of liquid ammonia and 
hydrogen, which can react with 
lunar oxides under solar heat to 
produce the mini-world’s first 
water vapor. (Later colonies, 
however, will be self-sufficient, 
obtaining these chemicals from 
space.) 

Agriculture for the L5 colonies 
will take place in external 
spheres and cylinders under 
various gravity conditions. Con- 
sidering the unlimited, round- 
the-clock sunshine, nutrients 


and water, controlled crop 
production could shorten the 
growing season considerably. 


Mining celestial metals 


Why on earth would anyone 
want to start colonies in space? 
Perhaps because such a venture 
(though it will require substan- 
tial seed money to get the first 
colonies going) could prove the 
most profitable long-term in- 
vestment ever envisioned. 

To get some idea of the 
payoffs, consider a single aster- 
oid retrieved by the colonies. 
That one asteroid, according to 
experts, will provide a 10 years’ 
supply of iron ore for the earth’s 
total needs! And the plentiful 
nickel could possibly be used for 
manufacturing rustproof ships, 
cars and structures. 

In the face of our rapidly 
dwindling ores—which grow 
less rich each year and require 
ever more energy to mine and 
smelt—asteroid mining will pro- 
vide a means of returning 
hundreds of billions of dollars of 
high-grade ore to earth. 


Semiconductor factories in space? 


Another payoff could result 
when zero-gravity semiconduc- 
tor-manufacturing technology 
becomes an inexpensive proc- 
ess. It was long suspected (and 
finally proved in the Skylab 
experiments) that semiconduc- 
tor crystals and other materials 
achieve degrees of purification 
in space not easily attainable on 
earth. 

As an added bonus, the 
colonies could possibly manu- 
facture large solar panels. If so, 


sunsatellites measuring dozens 


of square miles could be more 
economically manufactured in 
space than on earth. After 
placement in synchronous orbit 
these sunsatellites could convert 
solar energy to electricity and 
finally to microwave beams 
directed to earth stations. The 
received beams, converted into 
electricity by large ‘‘rectenna’’ 
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You can eee a lot of money and Data I 7 O total three > point 

get practically nothing if: you arent service. _ _ 

careful. . 
Here's what to test for: 

1. Is the programmer universal? available PROMs. 





Does it equip you for “tomorrow?” Will it 2. Through our direct (compu- 
‘program every available PROM type? terized) mailirig program, Data I/ 
(At last count there were over 165.) customers are kept constantly up-t 
2. Are programming techniques on PROM specification saa a an 
approved by the semiconductor technological innovations. _ 
-manufacturers? | 3. Nine field offices in ‘the Us 


_ 3. Can the programmer be and 22 distributors worldwide prov 
calibrated? By you? Can performance our customers with direct sales suppo: 
be verified to PROM manufacturers’ installations, operator es tb and 7 

current specifications? 
. ls the programmer supported 
by direct sales, installation, training and 
service? 
If the programmer is from Data 
1/0, it passes the test. Today, more than 
1500 companies use Data I/O 
programmers. We build a complete 
range of machines including the 
Programmer V which has outsold every 
other automatic programmer in the 
coon world (including 
suum, the former world 
fa, champ, the 
Programmer J). Soemeeeeeene Ae € — a 
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Tf you would like to know more about ¢ our 1 products, . 
or want copies of our quarterly PROM Comparison Chart _ 
and PROMBIiTS (our periodic technical bulletin on PROM | 
applications and innovations), mail this coupon or call one 5 
of our offices. Data 1/O Corerntion. PO. oo 308, 
— ee et 
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- Data I/O offices: New York area— 201/832-1487; Washington D.C. area—301/652- 7240; Ciena area— 312/884-1335; Dayton area— 
513/435-4440: Dallas area— 214/349-0877; Tulsa area—918/865-4111; Los Angeles area—714/998-9151; San Jose area— 408/732-8246; Boston 
area 02! 883- 3850; Seattle area—206/ 455-3990; Europe: Amsterdam —020/186855, TELEX — 16616. / 





from drawing board 
to production sampie 
in just 


3 WEEKS! 





this Mil-Spec 


USTOM 
RELAY 
SOCKET 


for application to VRC-77 
ground control rugged com- 
munications system. Meets re- 
quired Military specifications. 








Eby can meet your custom 
design and manufacturing re- 
quirements for all types of 
=i [Toa d gl or-\ im oxe) a] al =You ce) ¢-far- ale Mmm gst 
FV (Yo Mero} ai] ole) a1-Ja) came ated lel are 
alfelaMmaciit-leliiiavam Vil iie-lavamr-le) oie 
fer-14(0) a1 : 





Request more 
information and FREE 
SAMPLES of this or similar items 
. representative of Eby capa- 


[EL 


HUGH H. EBY Co. 


4701 GERMANTOWN AVENUE 
PHILADELPHIA, PA. 19144 


(215) 842-3000 
a division of REDM Corp. 
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dipole farms (a concept recently 
proved feasible by Raytheon and 
Arthur D. Little, Inc.), would be 
used for homes and industry. 
Other potential by-products 
include pure pharmaceuticals 
inexpensively produced using 
electric fields under low gravity 
conditions. When manufactured 
on earth, such products cost a 
billion dollars per pound! 
Furthermore, movement of 
factory machinery and structure 
assembly will take on a new 
dimension, since simulated 


Fourth-generation 
multiple functions 








gravity can be ‘‘turned” on or off 
at will, making cranes and other 
equipment unnecessary. 


The growing frontier 

Each colony will create a 
beachhead from which new 
colonies can emerge: After 
reaching the ‘‘critical size,’ the 
colonies will become self- 
sustaining and then multiplying 
entities, feeding upon the met- 
als and chemicals of the moon 
and asteroids as well as the 
solar energy of space. 0 


uP’s combine 
on a single chip 


Russell Fish, wP Consultant, Austin, TX 


With much _ intelligent logic 
scheduled for design into low- 
cost products, semiconductor 
manufacturers have reevaluated 
their microprocessor philoso- 
phies. Since inexpensive 
consumer-oriented items re- 


quire very little peripheral mem- 
ory, the chip builders now 
realize that, first, the processors 
themselves must make a profit; 
and second, CPU complexity 
and density must be such that 
CPU, I/O and memory can fit 


CONSUMER INDUSTRIAL/HIGH END CONSUMER 
UNIT 
SALES 
-—— PPS4/1 
10M TMS 1000 
| 


| 
. — 
\ --- ROM -———-l-EaROM 


[aS F8/2——————-» 
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Fig. 1—The C marketplace in 1978? Perhaps! Volume sales of low-cost “all in one 
and one for all’’ wP’s could puta ‘“‘bug” in’almost every electronic consumer product. 
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A: least it seems like everybody wants a sample. 

And it’s easy to understand why. These miniature 
low cost, quick disconnect, high-contact-density 
Thorkom connectors will go just about anywhere. 

And they have. 

From computers and medical instrumentation, 
where the compactness and reliability are essential 
— to marine and automotive use, where the rugged- 
ness, corrosion resistance and low cost are critical. 

Get Your Own Free Sample 

Get a Thorkom in your hands and we think you'll 
get all kinds of ideas as to how you can use them. 

Here are a few of the specifics you'll notice: 

e high contact density (there are 7,12 and 24 
contact models) 






I'm thinking of using a 
Send me one. Thorkom connector in: 
CO Computer equipment 0 Medical instrumentation 
CO) Automotive 0 Communications 0 Marine 0 Aviation 
LO Process contro! 0 Other (Please indicate) 


NAME: 


TITLE: 
COMPANY: 


CITY: STATE: 











© Vikin 


CONNECTORS 


Everybody wants 
a Sample. 





e positive lock, yet with quick, easy disconnect; just 
squeeze and pull 
e crimp removable contacts (all types) with MIL-I-22520 
crimp tool 
e positive polarization —they cannot be mated 
incorrectly 

Plus — they're tough, shock-proof, light weight, 
can be mounted quickly and they are available 
with or without cable assembly — and more good 
things than we can cover with one ad. 

SO use the Coupon and get your own free 
Thorkom. Or, if you don’t want fo wait, call us. The 
number: (213) 341-4330. 








7 pin plug 
and receptacle 
shown life size 






24 pin 
receptacle, shown with 
dip solder 
contacts , 








12 pin, 
square flange 
receptacle 


ZIP: 


* 





Viking Industries, Inc. , 21001 Nordhoff Street 


‘ Chatsworth, CA 91311 U.S.A. | 
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And we 
can add 








c 
cable. 


What kind of cable? Any 
kind. Our cable assernbly service 
is custom tailored to your exact 
specifications. 

Expensive? 

No, just the opposite. The fact 
that we're in the connector busi- 
ness usually makes if possible for 
us to bring connectors, cable and 
labor together on a project — turn 
out a higher quality assembly 
than you can (each pre-tested for 
hi pot, IR and continuity) — and cut 
your cost and time in the process. 

When the time comes, make 
sure you ask us about It. 


© Viki 
~, WANKER 
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into as few chips as possible. 

The solution? 

The projection in Fig. 1 
illustrates that enough volume 
for the under-$10 uP exists for 
semi-houses to realize profits on 
chips alone. 


One chart worth 1000 words | 

Derived by compiling existing 
low-end control applications 
and taking educated guesses at 
the penetration microprocessors 
can achieve for a given cost, Fig. 
1 plots volume vs. cost. 

Typical applications consid- 
ered in its construction include 
automobiles, washers, dryers, 
gas pumps, copiers, and vend- 
ing machines. Several break- 
points are shown on the curve, 
but the two most important ones 
occur at three and five dollars. 
As microcomputer costs ap- 
proach five dollars from the high 
side, parts begin to appear in 
‘top-of-the-line’ products for 
many applications. Examples of 
this phenomenon are the 
“Chrysler Lean Burn” and the 
‘‘Amana Radar Range.”’ 

For many applications, when 
the price reaches five dollars, 
microcomputers can be includ- 
ed in the standard line of 
products, and volume increases 
dramatically. For other applica- 
tions, a similar effect occurs at 
three dollars. 

The three- and five-dollar 
prices are often mentioned by 
designers. Apparently, at these 
points engineers find that pP’s 
can replace existing mechanical 
controls. The breakpoint around 
one dollar anticipates the devel- 
opment of another high-volume 
commodity similar to present- 
day watches and calculators. 
Also around a dollar, cameras, 
table radios, and small applianc- 
es become fair game for micro- 
computer control. 


New animals in the menagerie 
What new uP devices can we 
expect? 
The MM5734 is National Semi- 


conductor’s entry into low-end 
controllers. Internally, it has a 
classic calculator architecture. 
The instruction set contains the 
basic bit-manipulation and arith- 
metic instructions. MM5734 is 
the only present low-end micro- 
computer that directly drives 
LED displays. 

Rockwell’s MM76 is basically a 
PPS-4/1 with less ROM and RAM. 
Both Rockwell parts are strong 
on bit manipulation, having | 
“SET,” ‘“‘RESET,”” and ‘‘SKIP-IF- 
SET’’ instructions for both I/O 
ports and memory. The clock 
requires only an external resistor 
rather than both a resistor and 
capacitor. While not possessing 
true interrupt capability, the 
PPS-4/1 has two input lines that 
can set flip-flops (testable by 
true interrupt handling); while 
the latches aid in recognizing 
that a fast real-time signal has 
occurred. 

PPS-4/1 I/O capability easily 
expands by using the serial-I/O 
port with an external shift 
register and latch. For action that 
takes place in slow real time, this 
type of I/O proves very efficient. 
Most appliance-control signals 
can be implemented through 
the serial-l/O port-expansion 
concept, and two levels of 
subroutine nesting can be saved 
in the on-chip push-dowrrstack. 

The availability of several 
multifunction instructions re- 
duces program size. These 
instructions can serve in loops 
such as those that perform) 
multiple-precision arithmetic. 
One instruction can do a 
function and then, if the loop is 
finished,fall out if it flags true. 


“Big news from Big D” 


The Texas Instrument TMS- 
1300 is a TMS-1000 with twice as . 
much RAM and ROM. The 
TMS-1000 family makes extreme- 
ly efficient use of control 
memory by having only single- 
byte instructions. The part has 
bit-manipulation capabilities 
similar to the PPS-4/1 and saves 
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one level of subroutine nesting; the appropriate 7-segmentdigit. mable wP’s. Users can micro- 


the accumulator can output Because a PLA decodes TMS-_ code special instructions when 
directly to I/O port, or an _ 1000 instructions, this model is programming the ROM mask. 
on-chip decoder can generate one of the few microprogram- The 1650 from General Instru- 
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Fig. 2—Low-end uP’s currently available (or soon to be) mock their ‘‘big brothers’’ and put CPU, I/O and memory onto a single 
chip (or two). 





We cut 
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And they aren’t! Because each Reeves-Hoffman quartz 
e watch crystal is individually tested before ship- wafers & 
ment. Many are performing in watches of chrono- 
meter quality. Proven manufacturing techniques 
and rugged, cold-welded enclosures assure un- 
surpassed reliability and accuracy, permit high a 
& volume fabrication. The pioneer manufacturer of Cable. call ears Our own 
quartz crystals for electronic watches, Reeves- i . ee 
Hoffman has sold over 15 million. Cable, call or or write for Cold-welded glass-to-metal 
write today for information. Catalog XSD for mg ih seals 
stability 





REEVES-HOFFMA 


Division, Dynamics Corporation of America 
400 W. North St., Carlisle, PA 17013 U.S.A. 
Phone: 717—243-5929 TWX: 510-650-3510 





EVES-HOFFMAN 


Division, Dynamics Corporation of America 
400 W. North St., Carlisle, PA 17013 U.S.A. 
Phone: 717—243-5929 TWX: 510-650-3510 
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MOTOROLA introduces 


micromodules... 


Micromodule Family 























M68MMO1 


Micromodule CPU 
M68MM02 


M68MM03 
M68MM04 







ACIA Module 


Monoboard Microcomputers 


Monoboard Microcomputer 1 
M68MMO1A_ Monoboard Microcomputer 1A 


CPU Module 


Micromodule System Expanders 

32/32 Input/Output Module 

8K/16K AROM/ ROM Module 

M68MMO5A_8-Channel Differential 
12-Bit A/D Module eESEELS 

M68MMO5B_16-Channel Single- 
Ended 12-Bit A/D Module 

M68MMO5C_ Quad 12-Bit D/A Module 


M68MM06 2K RAM Module 

M68MM07 Priority CPU Module 
M68MM08 Microbug Module 

M68MMO09 CMOS/ RAM Battery Module 
M68MM10 Programmable Timer Module | 
M68MM12 GPIB Module 

M68MM13 Ref State Detector Module 


Applicable EXORciser Modules 





EROM/RAM Module 
8K RAM Module 
16K RAM Module 
Systems Analyzer 











_ the flexible 
M6800 microcomputer alternative 





Looking for a fast, low cost, microcomputer hard- 
ware design? Trying to avoid the costs of designing 
and building your own microcomputer system for 
relatively low-use rates? Looking for ways to build a 
custom computer with standard boards without big 
working capital requirements, increased labor force, 
big inventories, and a drain on cash flow? 

Motorola’s new M6800-based Micromodule* 
Family has the answers. You now have the choice 
you didn’t have before. Take the single-board 
approach, or reach into our assortment of mix-’n- 
match module options and build your own custom- 
ized system with standard boards. 

Micromodules 1 and 1A are M6800-based 8-bit 
single-board microcomputers, Monoboard Microcom- 
puters. MM 1 features all parallel I/O. MM 1A has 
both serial and parallel I/O. 





Micromodule 2 is the M6800-based CPU module, 
the heart of the Micromodule Family’s modular micro- 
computer concept. Use it with your choice of I/O, 
RAM, AROM/ROM, A/D, D/A, Programmable 
Timer and other Micromodule options. 

Orders may be entered now for Micromodules 1, 
1A, 2, 3 and 4, and ten additional Micromodules are 
already defined for this new microcomputer concept. 
As an example of the cost savings inherent in the 
concept, a single Micromodule 1, the M68MMOl1, 
sells for $485.00, and drops to $275.00 in 100 lots. 

The total resources of Motorola’s system devel- 
opment tools including the EXORciser*, EXOR- 
disk*, and a full complement of software back up the 
Micromodule Family. The family also offers card 
cages, rack-mount chassis, and power supplies. 
Remember, too, that Micromodules and EXORciser 


modules are bus compatible. 
* Trademark of Motorola Inc. 


MOTOROLA Microsystems 


— making it happen in microcomputers 


_ Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036 
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If low cost and high performance 


are criteria... our 


new 82000 Series 


permanent magnet steppers 


are the answer. 


Here’s a new permanent magnet 
stepper motor line created to meet 
the design needs of analytical 
instrumentation and computer 
peripherals. Applications include 
tape drives, printer and chart 
drives and optical disc drives. 
Both 5 volt and 12 volt models 
are available. 

All utilize 4-phase stators and 
permanent magnet rotors. Most 


have 24-pole rotor construction. 
As a result, they offer excellent 
pull-in rates and good stepping 
accuracy. Another advantage is 
low temperature rise...over 50% 
lower than comparable variable 
reluctance stepper motors opera- 
ting on asimilar duty cycle. Gear 
boxes can be furnished to meet 
varying torque and speed 
requirements. 


Write for information today! 





Cheshire, Conn. 06410 + (203) 272-0301 
For more information, Circle No. 34 
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ments, one of the fastest MOS 
microprocessors around, is the 
only low-end microcomputer to 
have minicomputer-type access 
to its register stack. This power 
doesn’t come free as the 
instruction word is 12 bits wide. 
But the 1650 does have interrupt 
capability and a real-time clock 
input. It saves two levels of 
subroutine nesting. The instruc- 
tion set is strong in bit and logic 
operations. 


Like three peas in a pod 


Fairchild’s F8/1 is the non- 
expandable single-chip version 
of the 2-chip F8/2. The F8 
instruction set features both 
binary and BCD math, logical 
operations, and many condition- 
al branches. It saves two levels 
of nesting. The chip has inter- 
rupt capability and an interval 
timer (thanks to a polynomial 
shift register). 

Both the Intel 8048 and 
Motorola 6700 supposedly imi- 
tate the F8/1, but Intel and 
Motorola also offer a version 
with serial I/O. 

By adding a combination 
RAM/ROM, 1/O, interval-timer 
chip to their existing CPU, MOS 
Technology succeeded in pro- 
ducing a 2-chip microcomputer. 
The 6500’s addressing modes 
make it probably the most 
powerful MOS microprocessor 
around for large systems, but 
the intelligent I/O and interval 
timer on the combination chip 
provide for a good small control 
system. 

The 6505/6530 has all the 
powerful instructions and ad- 
dressing modes needed for a 
general-purpose system, but the 
general-purpose power and at- 
tendant overhead place this 
MOS Technology unit at the 
high extremity of the low-end 
microcomputer world. 

For your convenience, we’ve 
tabulated the “‘lot’” of new (and 
expected) processors into a 
small chart (Fig. 2). o 
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new Great 


See free sample offer inside. 
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We’re jumps ahead 
of any other flat 
cable/connector 


system. 


And we can save 
you up to 50". 


Now you can eliminate flat cable assembly with our 
new, pre-assembled Great Jumpers. Our new Great 
Jumpers come to you in one piece, assembled the way 
you tell us, as directly interchangeable replace- 
ments for the jumpers you’re using now. And they 
come complete with integral, molded-on, strain- 
relieved connectors featuring amazingly acces- 
sible line-by-line probeability. 

After all, when you pay for a jumper, why pay 
again to put it together? And why put up with 
caps that can fall off? Or connections that 
depend on a connector staking operation? 
Simplify with Great Jumpers. You'll avoid extra 
costs and extra problems. 

We assemble our Great Jumpers ourselves 
and test them before they ever leave our factory. 
In fact, we’re the only manufacturer who delivers 
fully assembled and pre-tested jumpers. So 
when you specify A P, you can be assured that 
every jumper you get does its job right the 
first time. 
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We can 

make any jump 
Inany of 

360 ways. 


And there are more 
ways to come soon. 


Our Great Jumpers are available with three basic end 
terminations: Socket connectors, printed circuit board 
connectors, or card-edge connectors. Each of these 
termination types is available with any of the 















** 

Hi five most used flat cable widths: 20, 26, 34, 40 
a8 and 50 conductor. And Great Jumpers are avail- 
Ht: able single-ended, or double-ended to your 
tH requirements, using any mix of end termination 
i types and sizes. 

+4 Tell us about the Great Jumpers you need 
** and watch us hop to it. 

ae 

be 

re 

= We make Great 


Daisy Jumpers, too. 
Design any kind of daisy chain arrangement 
you can think of around our Great Jumpers and 
we can deliver it fully assembled, tested and 
ready-to-use. Contact your A P rep for details. 
And there’s more. 
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Patent pending. 
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Second, choose your connectors. 


| Top Side Right Contacts Style 
| View View Connector Left Right Code 
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070 DIA. TYP. 
PROBE ACCESS HOLES 


Socket 
Connector 











.070 DIA. TYP. | 
PROBE ACCESS HOLES | 





IK 





PCB 
Connector "A" | 





| 





2.700 
Request Bulletin 7.04 for PC board drill patterns. 


922503 ao SGaGaseaaes 
. | 88 B33 G98a 
922528 

= 





3 | Down | Down | 922529 | 





| i) Card-Edge | Down | Down | 922507 _ 
RCE 
_ Card-Edge- 





Card-Edge 1. 


.074 








No. Contacts 





Request Bulletin 7.04 for PC card dimensions. 





Dielectric: UL recognized glass-filled polyester. Non-corrosive contacts: Socket connector and card-edge connector, alloy 770; 
PCB connector, alloy 725. All dimensions in inches. 


Now you’re ready to order. 


1. 


| 1. Enter 6-digit style code (se 


2. Indicate whether 20. 26. 34 





| 3. Enter “01” for Electric pink solid conductor cable. 
| Enter “02” for Electric pink stranded conductor cable. 


Enter ‘‘99” for rainbow stranded conductor cable. (Available 
| on single-ended jumpers only) 


4. Enter tip to tip length in inches. 
Ye inch tolerance for jumpers up to 12” 


+ ¥% inch for jumpers over 12” and under 36” 
+ Ye inch if longer than 36” 


+ 













Your first 
Great Jumper 
is free. Just 
tell us which. 


Most offers end with ‘‘Here’s how to order.” But that’s 
where ours is just getting off the ground. 

Your local A P Products factory rep (he’s listed on © 
the back page) will deliver an evaluation sample of one 4 
of our new Great Jumpers free. Made to order, just the 
way you tell us you want it. Just follow these charts, 
make your choices and give him a call. 

The sooner you tell us how you want your free jumper, the sooner we . 
can get hopping. 

















First. decide on 


2 
= e 
e 
a ribbon. $3 
Great Jumpers feature laminated PVC insulated ribbon Se 


cable that’s made to take its lumps as it makes its jumps. 


The rigors of real-world system performance are met and L e® 
exceeded in our design. Conductors are No. 28 AWG. — e* 
The insulation and lamination are designed for quick, — ee°. 
easy tear-down and separation without need for a cutting e® 

tool. And they’re available three ways. oe 





SOLID 
CONDUCTOR RIBBON CABLE. 


Our most economical. A solid edge stripe helps 
identify cable orientation. 


STRANDED 
CONDUCTOR RIBBON CABLE. 


Perfect for applications demanding repeated flex- 
ing. And cable orientation is identified with an edge 
stripe. 


7 Aa. gL 


OPTIONAL RAINBOW CABLE WITH as 
STANDARD COLOR CODING. Ss —_ 


Available only on single-ended jumpers, designed for applications where each conductor must be discretely 
connected. Conductors are No. 28 AWG stranded with standard color coded insulation. And groups of ten con- 
ductors are color stripe coded on the back of each cable for easy identification of wire number and wire group. 


Listed by UL under subject 758, style 2480 or 2651. 
A P GREAT JUMPERS FLAT RIBBON CABLES ALWAYS COME FULLY ASSEMBLED, TESTED AND READY-TO-USE. 











Get your first Great Jumper 
free from your 
AP Products rep. re 


just about half as much as competitive jumpers. In fact, if you allow for the cost of assembling and 
testing other jumpers, Great Jumpers can cost you even less. 
So look up your local A P rep. And connect with him. For happier endings. By leaps and bounds. 


He'll have you hopping happy when you hear 
how little your next ones will cost. 





ARIZONA MICHIGAN NEW JERSEY NEW YORK (Metro) 
Piper-Goyne, Incorporated Norm Case Associates, Inc. Compar New York, Inc. Compar New York, Inc. 
P.O. Box 1648 P.O. Box 103 404 Clifton Avenue 404 Clifton Avenue 


4261 North Brown Avenue 
Scottsdale, AR 85252 
Phone: (602) 946-4437 

(602) 949-8424 
TWX: 910-950-0083 


CALIFORNIA 

Brooks Technical Group 

2465 East Bayshore, Suite 345 
Palo Alto, CA 94303 

Phone: (415) 328-3232 

TWX: 910-373-1198 


Daniels & Doty Sales Co. 
5575 Magnatron Blvd. Suite B 
San Diego, CA 92111 

Phone: (714) 560-6266 


Mission Marketing Group 
2182 Dupont, Suit 209 
P.O. Box 17477 

Irvine, CA 92713 

Phone: (714) 833-1802 


COLORADO 

Piper-Goyne, Incorporated 
8041 West I-70 

North Frontage Rd. 
Denver, CO 80002 

Phone: (303) 420-4646 
TWX: 910-938-0755 


CONNECTICUT 


Tri-Com Associates 
Wykeham Road 
Washington, CT 06793 
Phone: (203) 868-7748 


FLORIDA and S. EAST 


Gra-Mar, Inc. 

3165 McCrory Place 
Orlando, FL 32814 
Phone: (305) 894-3351 
TWX: 810-850-0125 


ILLINOIS 


Coombs Associates, Inc. 
1001 East Touhy 

Des Plaines, IL 60018 
Phone: (312) 298-4830 
TWX: 910-233-5980 


INDIANA 


Elliott Engineering Sales Co. 
5102 Roberta Drive 

Fort Wayne, IN 46806 
Phone: (219) 447-9623 


MARYLAND 


Compar Chesapeake, Inc. 
7 Church Lane 

Baltimore, MD 21208 
Phone: (301) 484-5400 
TWX: 710-862-0860 


MASSACHUSETTS 
Tri-Com Associates 
Box 172 

Burlington, MA 01803 
Phone: (617) 272-8163 


Milford, MI 48042 
Phone: (313) 356-2161 


MINNESOTA 

Charles E. Bohlig Associates 
P.O. Box 16183 

Minneapolis, MN 55104 
Phone: (612) 922-7011 

TWX: 910-576-3429 


MISSOURI 


Beneke & McCaul, Inc. 

P.O. Box 24552 

226 Chamonix Court 

St. Louis, MO 63141 

Phone: (314) 434-6242 
(Also) 

12825 Bristol 

P.O. Box 144 

Grandview, MO 64030 

Phone: (816) 765-2998 


Clifton, NJ 07011 
Phone: (201) 546-3660 
TWX: 710-989-7239 


Sunday-O’Brien, Inc. 

15 Potter Street 
Haddonfield, NJ 08033 
Phone: NJ (609) 429-4013 
Phone: PA (215) 923-5195 
TWX: 710-896-0679 


NEW MEXICO 
Piper-Goyne Incorporated 
11701 Menual NE 

P.O. Box 14894 
Albuquerque, NM 87111 
Phone: (505) 294-1436 





Clifton, NJ 07011 
Phone: (201) 546-3660 
TWX: 710-989-7239 


NEW YORK (Upstate) 
Nycom, Incorporated 
2002 Teall Avenue 
Syracuse, NY 03206 
Phone:(315) 437-8343 
TWX: 710-541-1506 


OHIO 
Norm Case Associates, Inc. 
P.O. Box 4791 
Fairview Park, OH 44126 
Phone: (216) 333-4120 
TWX: 810-421-8396 

(Also) 
P.O. Box 217 
Centerville, OH 45459 
Phone: (513) 433-0966 


OREGON 


Freed Associates 

2953 NW Imperial Terrace 
Portland, OR 97210 
Phone: (503) 223-3374 


TEXAS 
Allied Components, Inc. 
Suite 730, Keystone Park 
13771 N. Central Expressway 
P.O. Box 31027 
Dallas, TX 75243 
Phone: (214) 238-0408 
TWX: 910-867-4783 

(Also) 
4615 North Freeway, Suite 305 
Houston, TX 77022 
Phone: (713) 691-3961 
TWX: 910-881-3741 

(Also) 
P.O. Box 14274 
Austin, TX 78761 
Phone: (512) 443-9687 


WASHINGTON 


Freed Associates 
11031 118th Place NE 
Kirkland, WA 98033 
Phone: (206) 822-8223 


WISCONSIN 

Coombs Associates, Inc. 
6663 Industrial Loop 
Greendale, WI 53129 
Phone: (414) 421-2300 


CANADA 


Weber Electronics, Inc. 
1111 Finch Ave. W. 
Downsview, Ontario 
M3J2E5 

Phone: (416) 638-1322 


AP PRODUCTS INCORPORATED 


Box 110-Q « 72 Corwin Drive « Painesville, Ohio 44077 
Tel: 216/354-2101 * Twx: 810-425-2250 
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MEMORY ICs _—_—— 


Silicon swite 


>>o>o odo dD 


SWITCHES 
Dual in-line 4. - 


PACK KAGED ciRcUITS [nn Lighted pushbutton oe 


A/Dconverters 5 10 8 _ Rotary 

-_- D/A converters | oN — Snap action 
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An inspiration to components everywhere. 

And a reminder to our customers of the | 
great strides made by Corning throughout com- 
ponent history. 

In Miss Reliability’s raised hand, she holds 
three lightning bolts. These are symbolic of our 
fast delivery, rapid turnaround and quick antici- 
pation of our customers’ needs. 
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The eight star points on her crown signify 
the eight vital Corning advantages. 

Superior component reliability. Reliable 
promise dates. Reliable engineering support. 
Reliable availability. Reliable service. Reliable 
QC testing. Reliable distributors. And our total 
dedication to work closely with our customers. 

In her left hand, she holds the Corning 
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OMPONENT HISTORY 





components catalog, the standard of the The Statue of Reliability. Built by the 
industry. industry’s leading supplier of quality compo- 

A book filled with historic innovations and nents. 
full specs on all the Corning metal film resistors, Corning Glass Works, Electronic Products 
glass ee ceramic capacitors and miniature Division, Corning, New York 14830, 
tantalum capacitors. 607) 974-8692. 


Her enigmatic smile is for all the products 
and improvements currently under wraps. 


For more information, Circle No. 36 
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Design with 
the complete 
cable/connector 
system. 











With cable, connectors 
and assembly tools from one 
design and manufacturing source, 
you have added assurance the 
connection will be made surely, 
with no shorts or ‘“‘opens.”’ 

And “Scotchflex’’ now 
offers you more design freedom 
than ever. From stock you can 
choose shielded and non-shielded 
24-30 AWG cable with 10 to 50 
conductors, and an ever- 


ic increasing variety of more than 





positive alignment with precisely 


spaced conductors in 3M’s flat, The 3M DELTA pin and 
socket connector. : 


flexible PVC cable. The connector 
contacts strip through the 
insulation, capture the conductor, 
and provide a gas-tight pressure 
connection. 





Assembly-cost savings are built 
in when you design a package with 
““Scotchflex’’ flat cable and 
connectors. But more important, 
3M Company offers you the full 
reliability of a one-source system: 
cable p/us connectors plus the 
inexpensive assembly aids that 
crimp the connections quickly 
and securely (with no special 
operator training required). 

The fast, simple 
“Scotchflex”’ assembly 
sequence makes as many 
as 50 simultaneous multiple 
connections in seconds, 
without stripping, 
soldering or 























100 connectors to interface 
with standard DIP sockets, 
wrap posts on standard grid 
patterns, printed circuit 
boards, or headers for 
de-pluggable applications. 
3M’s DELTA “‘D”’ type pin 
and socket connectors are 
now also available. For 
full information, write 
Dept. EAH-1, 3M Center, 
St. Paul, MN 55101. 
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COMPANY 








“line. 


See our catalog in EEM—Page 1056. 





a ‘“Scotchflex’’ is a registered trademark of 3M Co. 
For more information, Circle No. 37 
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uP hooks up with satellite 
to keep ultra-accurate time 


About five years ago, the National Oceanic and 
Atmospheric Administration (NOAA) asked a 
group of engineers at the National Bureau of 
Standards (NBS) to closely synchronize a number 
of isolated data-collection systems, many in 
remote locations. These engineers then devel- 
oped an unusual but very accurate satellite- 
controlled pP clock which far surpassed the 
original specs: Each remote clock offers 40-psec 
resolution between events, and all operate within 
50 psec of a NBS atomic-time reference in 
Boulder, CO! 


Remote data collected with ease 


In this system a special interrogation signal, 
generated at the Wallops Island (VA) Command 
and Data Acquisition Station (CDA), travels via 







ATELLITE 


401 MBzt TRANSMITTER 













DATA-MEMORY, 
INTERFACE AND 
CONTROL 


satellite to remote observing platforms such as 
buoys, automatic weather stations, ships, aircraft 
and balloons. After reconstructing the time code, 
these platforms date data as collected or schedule 
data transmissions back to the satellites. 

This initial interrogation signal then combines 
time information with relay-satellite location data. 
Equipment at the CDA maintains and verifies 
Coordinated Universal Time (UTC) to within a few 
usec of the master clock at Boulder, CO. Two 
independent atomic clocks at the CDA provide 
system redundancy, and both operate on re- 
chargeable batteries for up to four hours of 
emergency power. 

NOAA provides raw-orbit predictions for the 
two satellites; a Control Data CDC-6600 at 
Boulder then converts this data into a format 


ZO WALLOPS ISLAND 
CDA 






ENVRIONMENTAL 


A/D DATA 
SENSOR 





RECEIVER . 
469 MHz 
TIME OF 
YEAR 
1 PULSE PER 
4004 4004 SECOND 
CLOCK DELAY CORRECTION [™ (CORRECTED 
OPTIONAL Ses 
— PATH DELAY) 


PROM RAM PROM 
2-256x 8 4x 64 3-256x8 


Illustrating full capability, the above system can transmit stored data upon command. However, each DCPRS’ design varies with its 
needs: Different data-storage requirements dictate different RAM sizes, some stations do not need delay-time correction 
accuracy, and others transmit data on a pre-arranged schedule rather than on command. 


43 





While an entire platform, including transmitter and receiver, 
could include up to six boards of logic, these two boards 
contain the entire .P clock and its support circuitry (bottom), 
and the optional readout display with its multiplexing and 
strobe circuitry (top). 


understood by the platform processors. From 
Boulder, the converted data goes to Wallops 
Island for multiplexing with the time-code. 

The two satellites now receive separate but 
identical transmissions over S-band (about 2 GHz) 
for relay to the remote platforms on about 469 
MHz. One part of this 50-bit word contains the 
multiplexed time/satellite-location information, 
and another portion addresses and activates 
selected platforms. 

Each data-collection platform-radio set (DCP- 
RS), consisting of a receiver/transmitter set, first 
demodulates the interrogation message into data 
(the 50-bit word) and data-clock (a 100-Hz refer- 
ence square wave) outputs. 

Then an Intel 4004 pP, controlling DCPRS 
Operations, gains symbol synchronization by 
looking at the data clock, and next samples and 
stores the data. The wP must also achieve data 
sync to determine the significance of any particu- 
lar bit sequence and where to store this data. 
Interrogation messages repeat every half second, 
and a sequence must iterate 60 times to com- 
pletely relay the time-code message. Since this 
30-sec sequence also repeats itself, the pP 
continually verifies stored data by comparing 
RAM with newly received values, making correc- 
tions whenever errors are detected. 
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Smart clock corrects itself 


Before the time-code value appears on the 
display, the «P corrects it for both propagation 
delay and variations in satellite position. The 
initial time signal advances 260,000 usec before 
transmission by the CDA; this first-order correc- 
tion brings the time code to within 10 msec of the 
NBS reference when it arrives at the platform. 

The relay satellites follow ‘‘geostationary” or- 
bits, but as truly geostationary orbits are impossi- 
ble to achieve, the satellites insert cyclic 
Ppropagation-delay variations themselves. 

A second 4004 then takes the satellite-position 
data received from the CDA and calculates a 
correction delay for addition or subtraction to the 
time code. The signal now follows within 50 usec 
of the NBS atomic clock. | 

After establishing an initial time code, the wP’s 
own system clock increments that code. Each 
complete cycle of the data clock represents 0.01 
atomic second, and the yP compares its divided 
oscillator frequency to this incoming data clock. 
Upon loss of the data clock, the internal oscillator 
continues to provide the 0.01-sec count, main- 
taining RAM-clock and display accuracy. 

Each platform usually responds to a daily 
satellite interrogation initiated when the platform 
detects its own address in the 50-bit word. It then 
transmits time-coded environmental data collect- 
ed since the last interrogation to the CDA for 
storage and later evaluation. 


Systems go unattended for months 


Providing both total platform control and time 
sync, the two 4004’s replace the 80 TTL IC’s that 
NBS’s Wayne Hanson calls ‘a random-logic 
wiring nightmare.” As these units may not receive 
any attention over long periods of time and often 
run on batteries, they should consume as little 
power as possible: The »P system far outper- 
forms power-hungry TTL in this area. 

Hanson also mentioned that two years ago, 
when system development began, the 4004 
proved the lowest cost off-the-shelf uP available. 
‘We challenged ourselves with developing as in- 
expensive a system as possible, and using a 
microprocessor helped significantly. Although 
this system was developed for NOAA, the applied 
concepts would be most useful in developing a 
permanent NBS satellite-broadcast service. Our 
present high-frequency broadcast service, WWV, 
meets the very important criteria of simplicity, no 
user labor and low cost. Changing to satellites, 
we now see, would not violate these criteria: A 
microprocessor-based system such as ours would 
certainly make this service available to anyone for 
a very small investment while keeping data 
acquisition simple.”” O 
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roadest choice. 


Highest output power. 
ew TI peripheral drivers. 


Thirty-seven devices including the 
industry leaders, TI’s SN75450 and 
SN75460 Series. Twenty-one are 
brand new. The highest output pow- 
er capability available. With a 
spread of 300-500 mA and 15-100 V, 
you'll now have fewer problems 
matching current/voltage combina- 
tions to design requirements. 

Being single package, monolithic 
devices, these new linear ICs save 
assembly time. Improve reliability. 
Cut component costs. Rid p.c. boards 
of unnecessary clutter. 

And no problem with driving in- 
ductive loads. TI’s new SN75475 and 


SN75466/67/68/69 have output clamp 
diodes built-in on the chip. No ex- 
ternals required. 


Tl PERIPHERAL DRIVER FAMILY 


No. per Latch-up Typical Logic 
Package Voltage Speed Type Package 


i3ns_—— All: ~N/J/P/JG 
20ns_—s— All,:«“N/J/P/JG 
42ns__— All ~N/J/P/JG 
42ns_—s Al.:s«N/J/P/JG 
42ns__—iAll NE 
42ns__ All NE 
42ns NAND P/JG 
ius Inverter N/J 
ius Inverter NiJ 


$N75430-SN75434 
$N75450-SN75454 
SN75460-SN75464 
SN75470-SN/5474 
SN75401-SN75404 
§N75411-SN75414 
SN75475 

ULN2001-ULN2004 
SN75466-SN75469 


MSN MMM MN NY NY 


N=14-pin plastic DIP; J=14-pin ceramic DIP; P=8-pin plastic 
DIP: JG=8-pin ceramic DIP; NE=Heat sink 14-pin plastic DIP. 











Another new wrinkle: the SN75401 
and SN75411 Series come in a spe- 
cial low thermal impedance (NE) 
package with copper-clad silver- 
plated leads. You have a choice of 
logic functions— AND, NAND, NOR, 
OR—as well as packages. Excellent 
availability; competitive prices. 

New Data Book: For your personal 
copy of TI’s hot-off-the-press 
Peripheral Driver Data 
Book, write Texas In- 


TEXAS INSTRUMENTS 


© 1976 Texas Instruments Incorporated 








INCORPORATED 


For more information, Circle No. 38 


fo) 
struments Incorporat- 
ed, P. 0. Box 5012, M/S i} 
308, Dallas, Texas 
{p2oe. 
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uwP eliminates need for codebooks 
and crystals in UHF/VHF scanner 


Public service channels (not to be confused with 
Citizens Band, or CB), provide communication 
links for police and fire departments, weather 
stations, mariners, rescue groups and 
businesses—all operating on FCC-assigned fre- 
quencies. The layman, however, merely monitors 
such transmissions and cannot reply as with CB. 

Most people who participate in this activity use 
scanners (multifrequency receivers that continu- 
ally jump from one channel to another, stopping 
only at active channels and continuing the scan 
when those transmissions end). Because each 
agency across the country operates on a FCC- 
assigned frequency, a listener must first look ina 
codebook or frequency directory to find the 
frequencies for his neighborhood agencies. He 
then assigns these frequencies to the channels in 
his scanner, generally by plugging in a crystal for 
each one. Thus, the purchase of a scanner alone 
usually will not allow a listener to get ‘‘on the 
air’’; he must also obtain the necessary crystals. 


Monitor over 12,000 frequencies 
Combining both search and scan functions, 


NA 


Tennelec, Inc.’s MCP-1 wP-controlled scanner 
eliminates the need for both codebook and 
crystals. Briefly, the unit employs an internal 
phase-locked-loop frequency-synthesis tech- 
nique to scan a particular segment, stopping to 
monitor any transmissions in progress. A 6-digit 
display then indicates the signal’s frequency so 
the operator may note it and later return. He thus 
first chooses those frequencies he wishes to scan 
regularly and then enters them into memory for 
repeated use. 

A Rockwell PPS-4/2 4-bit p-channel micro- 
processor controls the complete operation. In 
search mode, the operator enters the starting 
frequency, then hits the “ENTER SEARCH” key. 
After determining that this beginning point is 
within the receiver's range, the uP selects the 
proper RF band and figures the binary code 
needed by the programmable divider to detect 
the desired frequency. The MCP-1 next scans the 
band in 256 5-kHz steps at the rate of 10 
steps/second, rippling the display as it searches; 
upon completion the wP repeats the search from 
the original starting frequency. Hitting the “END 


RF FRONT END Sari ' 
(UHF, VHF HIGH, VHF LOW BANDS) Saat ens 


SPEAKER 






Lae REFERENCE FREQUENCY d 
OSCILLATOR DIVIDER COMPARATOR ACTIVE 
FREQUENCY 
INDICATOR 
BAND PROGRAMMABLE 
SELECT DIVIDER 
uP A17 MEMORY & 1/0 CHIP 
KEYBOARD PPS.4/2 (RAM = 128 x 4, ROM = 2k x 8, 16 1/O PORTS) 
STROBES 


BCD > 7-SEGMENT 
DECODING DRIVER 


6-DIGIT 
DISPLAY DATA 


This search/scan system takes advantage of Rockwell’s A17 chip which interfaces directly to the PPS-4/2, thus greatly expanding 


I/O capabilities while also providing all necessary memory. 
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~50conductors.. 


Mas/Ter INTERCONNECT 
SYSTEM INSULATION 





DISPLACEMENT CONNECTORS © 


High-speed mass termination 
that lowers your total installed 
cost! Here’s the most exciting 
advancement in connector tech- 
nology since Cannon intro- 
duced D Subminiatures—our 
new Mas/Ter-D Subminiature 
rectangular series of con- 
nectors and Mas/Ter-UND 
header series. 

Designed to lower your 
total installed cost with a new 
level of reliability in mass terminating up to 
quickly. ..error-free! 

Look at these advantages: L!] 25% more 
conductor surface contacted. LJ Integral 
strain relief on the conductor insulator. 

C1 Uniform contact force under extreme 
temperature, shock and vibration. LI Mas/ 
Ter-UND accommodates 26 thru 28 AWG, 
while Mas/Ter-D offers two ranges of 22/24 
and 26/28 AWG. 


a 
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For more information, Circle No. 39 2 


tooling.. 
cable or individual wires, 


=a. contact penetrates and 
la, » displaces the insulation © 


ductor and still provides insulation support 
to the wire. Integral contact spring action © 


wipes the conductor during termination to a 


produce a HIGHAOSES, low-resistance 


: interface. 
Mas/Ter-U ND connectors andpinhead- 
ers are intermateable and intermountable 
with other similar connectors, and _ 


Mas/Ter-D pin-and-socket connectors are 
fully intermateable and intermountable With 


Cannon's D Subminiature series. 


These are only the first of a growing fam- 
ily of insulation displacement connectors — 


coming your way from Cannon. 
Write or call today for new detailed 


literature! [TT Cannon Electric, 666 East — 
Dyer Road, Santa Ana, California 92702. 


Call toll-free, 24 hr. (800) 854-3573. ho 
. California OO} 432-7068. ee 


With the Mas/Ter Intercon-_ . 
nect System, the entire con- 
nectoristerminated atone  — 
time with no insulation _ _ 
stripping,nocomplex | 
.usingstandard | 
round conductor flat 


solid orstranded.The | _ 


without severingthe con- 





Capable of searching the entire UHF, VHF-low and VHF-high 
bands for activity, Tennelec’s MCP-1 notes active frequencies 
and stores them in RAM for later recall—automatically or at 
the touch of a button. 


SEARCH” and “ENTER SEARCH” keys consecu- 
tively moves the starting frequency, allowing the 
scanner to walk up the entire band. 

When the receiver stops at a frequency of 
interest, pushing the “ENTER SEARCH FREQUEN- 
CY” button selectively assigns it to one of 16 
memory channels in RAM so the pP can return to 
the frequency upon command. 7 

While the search mode allows detection of any 
active frequencies, the scan mode provides 
repeated monitoring of any selected ones. The 
Operator can thus assign frequencies to as many 
of the 16 memory channels as he desires; the wP 
then scans these frequencies, stopping to listen 
to any transmissions. While stopped, the display 
shows the assigned memory channel and fre- 
quency of the transmission being monitored. 


This P requires almost no peripherals 


The original MCP-1 system was developed 
using four Rockwell chips centered around their 
PPS-4, according to Tennelec’s Vice-President of 
Product Development, Bill Baker. “About two 
years ago when we first decided to use micro- 
Processors, we knocked on lots of doors, saw 


plenty of glossy PR material, but found few 


manufacturers who delivered reliably. For our 
application we needed powerful I/O and substan- 
tial manufacturer support. We had gained some 
experience with other processors and were aware 
of several problems to avoid, but Rockwell didn’t 
worry us. They were already delivering large 
quantities to several customers, so we could 
obviously count on regular delivery. Also, their 
system seemed ideal: Special chips greatly re- 
duced interface problems, the TTL-compatible 
hardware just ‘bolted on’, and their software best 
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suited our demands—the system was painless to 
use. 

“When Rockwell later introduced their PPS-4/2, 
we redesigned our system around it, eliminating 
two chips in the process and making our product 
even more price competitive. We did, however, 
lose a little I/O capability, and so the 7-segment 
display decoding originally done in software was 
transferred to a dedicated chip. 

‘Now, after two years,” Baker added, “we're 
still quite comfortable with Rockwell’s product 
and service. Our patented design allows great 
flexibility, particularly regarding new features. For 
a total of $1200 we can completely revamp our 
software to change the functional abilities of our 
receiver; our competitors would require much 
more time and expense to do the same using 
discrete-logic designs. This naturally places us in 
a most favorable marketing position.” 

Baker did note, however, that pP’s do not 
necessarily represent the only solution: “We are 
continually reviewing chip capabilities from other 
sources for our applications; but for now, the pP 
approach remains very attractive.” 


Has a uP helped YOU lately? 


EDN’s P Application Ideas section appears 
as a regular feature of every issue, present- 
ing a designer’s view of microprocessors in 
action. We select unique and interesting 
applications that illustrate the many differ- 
ent ways that wP’s are being used in new 
products or systems. Emphasis is on the 
functions handled by the pP, features of the 
product or system made possible by the uP 
and advantages of the uP approach over 
others. 

Have you designed and developed an 
interesting wP-based product? If you have, 
then please tell us about it. Your description 
should state the problem, indicate previous 
or alternate solutions (if any), explain basi- 
cally what the uP is doing, discuss the uP’s 
advantages and describe any design difficul- 
ties encountered. Concentrate your remarks 
on the 1P. To complete your story, please 
include a block diagram and at least one 
black and white photograph of the product. 


Send your entries: 
uP Application Ideas 
EDN 
221 Columbus Ave. 
Boston, MA 02116 


Article evaluation: Please circle one on R.S. card. 
Read Some—No. 301 Read Most—No. 302 
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A SIGNIFICANT ANNOUNCEMENT 

IF YOU’VE BEEN WAITING FOR A 
BREAKTHROUGH IN SMALL, 
PORTABLE DVM PERFORMANCE. 








Until now, you haven’t had much ment probes for rf voltages, high current 
choice in a small, inexpensive but top- ac, high voltage dc, temperature, and 
performing portable DVM. deluxe test leads. A carrying case is also 

The wait is over. available. 

The Fluke 8040A, 414-digit DVM At last. A truly portable 42-digit 
has arrived. It’s a handheld autoranging autoranging DVM that’s got everything 
DVM, with the sophisticated perform- you need. And for only $399* 
ance of a benchtop instrument. Because we didn’t think you should 

It has five measurement functions have to wait any longer. 


with a total of 26 ranges. True rms con- 
version techniques for all ac measure- 
ments. Autoranging and autozero. Ex- 


For data out today, dial our toll-free 
hotline, 800-426-0361. 


tensive input overload protection. We John Fluke Mfg. Co., Inc., P.O. Box 
made it truly portable, at a mere 2.5 43210, Mountlake Terrace, WA 98043 
pounds. And it’s rugged enough to with- 

stand the rigors of any field environment Fluke (Nederland) B. V., P.O. Box 5053, 
We even designed a retractable hood, Tilburg, The Netherlands. 

to make it easier to read in bright sun- There aren’t many small, inexpensive Phone: (013) 673-973 Telex: 52237 
shine. It’s been tested with transient and portable DVM’s around that can per- 

overloads of 6 KV across the input with __ form like the 8040A. "U.S. price only 

no damage. 


DC voltage measurement from 


10 MV to 1100V with basic accuracy 

of +0.5%. AC and de current from 

10 nA to 1.999A with basic de accuracy 
of +0.3% and basic ac accuracy of 
+1%. Resistance measurement from 

10 mQ to 19.999 MQ with basic ac- 
curacy of +0.2%. 

And true rms sensing means opti- 
mum accuracy—even when you've got 
noise or a distorted waveform. 

Ranges can be manually selected 
or autoranged. 


80T-150 Temperature Probe 


Sensitivity: 1 mV/P°C. or 1 mV/°F 
Accuracy: 
+15°C to +35°C 3=+2°C(3.6°F) —25°C to 
ambient: +125°C +3°C(5.8°F) 


—50°C to —25°C and 
+125°C to +150°C 
OC 18°C, 35°C Add CU SF) to 
to 50°C ambient: above 


You can also get temperature measuring 


capabilities with the 8040A. 


There are two battery options: a 
rechargeable NiCad for 8 hours of line- 
free operation, or disposable alkaline 
batteries. LOOV, 115V or 230V ac line- 
powered battery eliminator/chargers are 
available. Accessories include measure- 


FINALLY, A COMPLETE PORTABLE. 8040A DVM. [ELUKE] 


® 











For literature, Circle No. 20 For demonstration, Circle No. 21 











AN INVITATION TO LEARN 








WHY THE FLUKE 8500A IS CALLED 





We'd like to introduce you to a 
new concept in digital voltmeters. 

The Fluke 8500A. 

It’s a measurement system—not a 
dedicated instrument, but a bus-oriented, 
microprocessor-controlled measurement 
device. Modules which convert parame- 
ters, such as ac voltage, resistance or 
current, are simply plugged into any 
available slot in the bus structure. The 
microprocessor then talks to the module 
and displays the new value in the de- 
sired parameter. 

That’s the heart of the 8500A— 
unlimited measurement architecture. 
At any time, different measurement, 
control or servicing modules can be 
plugged in the bus. 

And the 8500A is a different meas- 


uring device. : 


All for a basic system price of $2,695* 


212% 


overranging 


150% 


overranging 


100% _ 
overranging 












50% : 
overranging 
20% 


ovetranging 





Overranging capabilities 


of the 8500A DVM 






100mV_1V 10V. 100V_ 1000V 
Most other DVM’s offer only 20%-60% 
- overranging. 


The 8500A is a high-speed 512-digit 
DVM capable of 500 readings per sec- 
ond at full resolution and accuracy. Fluke’s 
patented Recirculating Remainder (R2) 
A/D Conversion technique is used for 
high, long-term accuracy and linearity. 
There’s a calibration memory that allows 
for automatic correction of calibration 
error. And it’s the only systems DVM 
that measures ac and de current. 

DC voltage measurement and dc 
ratio are standard features. DC voltages 
are measured over five ranges, with res- 
olution between 1 uV and 10 mV anda 
basic accuracy of +0.001% (10 ppm) 
for 24 hours, 20°C +1°C. Starting with 


the lowest range, a maximum display of 


100% 





“It’s not difficult to understand why it’s 
called the finest. After all, it is a Fluke 
DVM, isn’t it?”’ 


312.5 mV is possible with a resolution of 
1 uV. Displays on the lower ranges are 
in volts, followed by an exponent dis- 
play of —3. 

Two types of ac measurement op- 
tions are available for the 8500A. While 
only one can be installed in the instru- 
ment at a time, removing one option 
and installing the other requires a mini- 
mum of time and/or operator training. 
At power up or after reset, the front 
panel displays whether the averaging 
converter, true rms converter or neither 
is installed in the instrument. 

The Averaging Converter (Option 
-O1) measures up to 1000V ac on four 
ranges with a bandwidth from 30 Hz to 
100 kHz and accuracies up to +0.05% 
+ 5 digits. The True RMS Converter 
(Option -09) measures up to 1000V ac 
on four ranges with a bandwidth from 
10 Hz to 300 kHz and accuracies up to 
+0.1% + 15 digits. 

Resistance measurements can be 
made on eight ranges from 10Q full 
scale to 100 MQ full scale with the 
Ohms Converter (Option -02). Basic ac- 
curacy from 100Q to 1 MQ is +0.003% 
+ | digit, with resolutions up to 100 uO 
obtainable. 

Both ac and dc current can be 


THE WORLD'S FINEST DVM. 


measured with the Current Module 
(Option -03) provided one of the ac 
options is installed in addition to the 
basic dc. Current measurements to 1A 
can be made with sensitivity to 1 nA. 
Accuracies to +0.03% + 10 digits, for 
dc readings and to +0.06% + 8 digits 
for ac readings. Bandwidth of the 

100 uA through Amp ranges is 30 Hz 
to 10 kHz. For the 1A range only, the 
bandwidth is 30 Hz to 3 kHz. 

Guaranteed accuracies for the 
8500A measurement options are based 
on 90 days, 18°C to 23°C. 

Three Remote Interface options 
are available with the system. Only one 
of the three may be installed at a time; 
however, one can be easily exchanged 
for another when the top cover is re- 
moved. This allows the instrument to 
be used with more than one interface 
system, requiring only that additional 
modules for the desired interfaces be 
obtained. 

The IEEE Standard 488-1975 Bus 
Module (Option -05) provides an eight- 
bit (one byte) parallel interface. The 
Bit Serial Asychronous Interface Module 


8500A DVM at 72 Samples/Second 
— — — Filtered Unfiltered 





OdB 


—20 dB 


—40 dB 


—60 dB 


—80dB 
— 100 dB 


—120dB 


—140 dB 





1 kHz 


THe 810 Fiz TOO Eas 
Fantastic noise rejection without sacrificing 


speed. 


(Option -06) interfaces the 8500A to 
systems using either RS232B, RS232C, 
or Current Loop interface. Selection of 
type and Baud rate is made with bit 
switches accessible through an entry 





Automatic correction 
for zero, offset, calibration 
and drift with microprocessor 
controlled memory storage. 
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Nata alain ORCA : RR I CR i 1 aa 
Extra digit of resolution. 

As an extra bonus, the range digit can be 

converted to a 6th measurement digit—for 

6¥2 digits of resolution. 


port on the rear panel. And the Parallel 
Interface Module (Option -07) provides 
a 16-bit duplex register interface com- 
patible with mini-computer and micro- 
processor systems. 

A non-volatile calibration memory 
module stores correction factors desired 
from a standard input during CAL mode 
operations. It can also be used to com- 
pensate for long-term drift, eliminating 
the need for manual adjustments or trips 
to the calibration laboratory. This al- 


JEEE-488 interface bus Fluke 
ASC11 interface Fluke 
Parallel interface (16 bit) Fluke 


Only one system DVM offers all the inter- 
faces you need. 


18 different sample rates Fluke 
5 different filter modes Fluke 
Programmable sealing factor Fluke 
Store and test for limits Fluke 
Local and remote lockout Fluke 
Front panel display on/off Fluke 
Line and non-line synchronized readings — Fluke 
Store and display of highest and lowest 

values found Fluke 
Recall and display status Fluke 
6% digits of resolution Fluke 


And with any interface there are expanded 
remote features. 





lows the operator to remove power from 
the instrument or the system to suffer a 
power failure without loss of automatic 
calibration factors. The battery perma- 
nently installed on the module will keep 
power on the memory to retain the stored 
data in excess of 90 days after removal 
of power. 

Service capability is one of the 
strong points in the 8500A program. Of 
course, extensive overload protection 
has been designed into the instrument. 
But should problems develop, most of 
them can be handled in the field by 
using the available service aids. An ex- 
tender card, a bus monitor, a test mod- 
ule, and a static controller, together 
with diagnostic programs and the micro- 
processor control should handle 60%- 
80% of most troubleshooting problems. 

If you’ve read this far, you know 


why the 8500A is called the world’s 
finest DVM. Microprocessor control, 
modular design, complete measurement 
and systems interface capability and 
ease of service are all combined in one 
instrument. And the best thing about it 
is that it’s made by Fluke. So you know 
you can count on quality and service 
throughout the world. 

The 8500A. One more reason why 


Fluke is the leader in digital voltmeters. 


For data out today, dial our toll-free 
hotline, 800-426-0361. 


John Fluke Mfg. Co., Inc., P.O. Box 
43210, Mountlake Terrace, WA 98043 


Fluke (Nederland) B. V., P.O. Box 5053, 
Tilburg, The Netherlands. 
Phone: (013) 673-973 Telex: 52237 


*U.S. price only. 





NOTHING COMPARES. 8500A DVM. 
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-Now the line of AMP 
Coaxial Ribbon Cable Assemblies 


1s wider than ever. AMOR di, 
r design range. 
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The introduction of AMP Coaxial Ribbon Cable assemblies 
represented a major breakthrough in interconnection 
technology. Lower costs with no compromise in performance. 
Now, AMP has broadened the line to give you an extremely 
wide range of high speed, low noise interconnections. 


AMP ribbon coax is available in 50-, 75- and 93-ohm ratings, 
6 to 26 positions, on .100-inch centers. Or in a 95-ohm 
rating on .125-inch centers. 


Multi-position connectors mate with .0252-inch posts, either 
90° board-mount pin headers or I/O posts. Included are 
the new paddle-card and flanged types. 


We can supply complete ribbon coaxial cable/connector 
assemblies of any length to fit your requirements. Or provide 
all the cable, connectors, and tooling you need to make 

your own. 


Either way you get professional back-up by AMP field and 
home office engineers. They work with you from the 
prototype stage through production—and on to future design. 


For more information on the design opportunities you get 
with AMP’s extended range of Coaxial Ribbon Cable 
assemblies, call Customer Service at (717) 564-0100. Or 
write AMP Incorporated, Harrisburg, PA 17105. 





INCORPORATED 





For more information, Circle No. 40 AMP is a trademark of AMP Incorporated. 








Connector 
systems— 


A revealing look 


at some of today’s 


ORT 








“on-the-move’”’ technologies 


Connectors no longer fit into the “‘nuts-and-bolts’’ mold. Today, 
they can be as crucial to success as any exotic active component. 


Tom Ormond, Associate Editor 


Though connectors come in all shapes and sizes, 
this report concentrates on four major styles 
currently showing extensive design activity: ZIF, 
flat cable, fiber optic and circular. 

Since these connector areas represent quite a 
‘‘something-old, something-new’’ ensemble, 
tieing them together in a ‘‘high level of product- 
design activity” theme would prove rather tenu- 
ous. Therefore, we break our coverage into four 
mini-reports to avoid reader confusion. 


ZIF’s: Have they ‘‘connected” yet? 


Not even the most zealous manufacturer would 
classify the ZIF (zero-insertion-force) connector 
as a ‘‘space-age’”’ product. Available for a number 
of years, its advantages couldn’t offset the high 
cost and mechanical complexity of the early 
connector designs. 

But today, the scale has begun to tip the other 
way. Applications requiring many connector- 
mating cycles (test equipment) are a natural for 
ZIF, as are those where insertion and withdrawal 
forces must be minimized due to the high 
number of contacts/connector. Pressure in this 
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last area is already evidenced in the rack and 
panel-connector market, and contact-density de- 
mands will probably continue to increase. 


PC-board connectors, one of the first market 
areas invaded by the ZIF concept, proves another 
area of ZIF resurgence. Obviously, any side-entry 
card-edge connector must be a ZIF design. 
Introduction of wP’s and related LSI circuits 
(alone creating a need for ZIF IC sockets) has 
brought a higher level of computing power onto 
pc boards and dramatically increased the need for 
[/O connections on three board edges. The ZIF 
concept thus shows all the qualifications of a 
design idea with a ripe market. 





What is this thing called ZIF? 

A ZIF connector is best described as ‘‘any 
connector which permits insertion and withdraw- 
al of its mating units, without achieving intimate 
contact during the interface cycle.’’ Most practical 
designs have some interposer actuation where 
the activating member (cam, rod, etc.) applies 
force to a plastic interposer that in turn moves the 
contacts. This design principle is a rather radical 
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~q Something old, something new could be the theme of our 


connector-systems report. The new connector type is of 
course the fiber optic, but some older styles—ZIF, flat cable 
and circular—get their time in the spotlight, too. (AMP 
Incorporated) 


departure from ‘‘classical’’ connector philosophy. 

Historically, connector designs used contact 
resistance as an important asset for high- 
reliability performance, and therefore provided 
increased insertion forces and/or significant 
contact-wiping action to insure low contact 
resistance. Since the ZIF design seemingly vio- 
lates these ‘‘classical’’ criteria, connector purists 
reasoned that its performance couldn’t possibly 
measure up to standard designs. Nothing proved 
further from the truth. 


A positive look at the negatives 


Many of the big connector manufacturers 
(full-line houses—not just ZIF’s) totally agree that 
most force specs used today have no meaning: 
The only truly qualitative spec is unit force or 
force/unit area. 

ZIF connectors measure up well to this spec. 
Though not applied during the mating cycle, 
these connectors evidence a high level of unit 
force thanks to the mechanical advantage of the 
camming action. Equally important, since the ZIF 
provides minimal contact scoring as well, its 
design greatly extends connector lifetime. 

Contact wiping is a plus feature in connector 
designs—especially when the interface handles 
low-current levels. Such action usually breaks 
down oxide build-ups that would otherwise 
impair performance in such applications. 

Other than butt types, all contacts that strike a 
flat surface and exert force do tend to slide. As 
noted earlier, ZIF connectors evidence a high 
level of unit force; investigations indicate that 
these connectors also provide a wiping action. In 
fact, wiping action is inevitable in ZIF connectors 
if the contacts are properly designed and the 
exerted force extends throughout the contact- 
tolerance range. 





Circulars can be a creditable solution for your high-density, 
pc-board I/O applications, thanks to the Nuline 901 Series 
from TRW/Cinch. Up to 85 size-22 contacts accommodated in 
a number-18 shell insert indicate the line’s capability. 





hill 


Board entry from either the side or top is a unique feature of 
this line of card-edge ZIF connectors from AMP Incorporated. 
Such capability proves quite useful in high-density packaging 
applications since it lends itself to use with I/O connections on 
three edges of a pc card. 


What’s on sale at the connector store? 


AMP. has two product lines—card-edge and 
rack and panel connectors. Requiring a minimum 
of 0.5-in. mounting width, the edge-board line 
will accommodate insertion from either the top or 
the side for high-density packaging applications. 
Designed for double-sided or multilayer boards 
from 0.054 to 0.071 in. thick, the connectors come 
with up to 280 contacts (140 dual positions). 

Lever-operated cam and push-pull slides are 
among the several actuating mechanisms availa- 
ble. To establish electrical contact, the activating 
mechanism requires less than 0.5 in. of linear 
travel. When opened, contacts are withdrawn 
behind internal-housing barriers for protection 
during board insertion. | 

The CR series of rack and panel connectors 
incorporates a mechanical-advantage device for 
easily mating 40, 120 or 156 contacts. Mated- 
contact forces of 150 grams are typical, with 
several thousand mating cycles possible without 
performance degradation. 

Both plug and receptacle halves are modular 
and permit variations in termination and conduc- 
tor styles. Receptacle modules are supplied 
preloaded with posted contacts that accept either 
wrap-type termination or round-conductor flat- 
cable connectors. Plugs come unloaded for crimp 
snap-in contacts or loaded with insulation- 
displacement types for mass termination. 

Burndy offers the QIKLATCH line of pc-board 
(single-sided type) connectors with solder-tail 
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Start with ZIF, add a little, and you wind up with the LIF 
(low-insertion-force) line of connectors offered by Bendix. 
These include 2-piece mother-daughter board combinations 
and 1/O designs in 2-, 3- and 4-row patterns. The Brush 
Contact system used provides a 70 to 90% reduction in 
mating/unmating forces. 


terminations. Designed for vertical board-to- 
backplane interconnections, this somewhat 
unique design uses no cams, levers or slides to 
effect contact mating. Rather, it employs a locking 
latch and take-up spring system that also provides 
mechanical stability. 

Probably the most unique feature of this line 
is its GTH (gas-tight high-pressure) contacts. 
These designs are galling-types; with the high 
forces inherent in ZIF designs, oxide formations 
at the contact point reduce to a level that 
eliminates the need for gold-plating. 


The list of manufacturers grows 


What we’ve catalogued above are some of the 
standard lines of ZlIF-connector offerings. But 
other companies—Bendix, Berg, GTE Sylvania 
and Molex, to mention a few—have already 
entered (or will enter soon) the ZIF-connector 
market. Bendix, in fact, is expanding a line of LIF 
(low-insertion-force) connectors that utilize a 
brush-contact system. And of course, other firms 
feature lines of ZIF IC sockets. Most of these 
designs are either for dedicated applications or 
custom designs. 

The ZIF concept, then, still waits in the wings, 
ready for its call to center stage. This call, though, 
may not be long in coming. Repackaging of 
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existing equipment design would require very 
extensive and costly changes to realize the full 
advantages of ZIF technology. However, with 
density requirements in continuous growth (es- 
pecially in the computer/data-processing area), 
the next-generation of equipment designs might 
well be called ‘‘the ZIF age.”’ 


Flat-cable systems can’t miss (2) 


When EDN published a Special Report on 
flat-cable interconnection systems 13 months ago 
(Sept. 20, 1975), the technology had apparently 
reached a ‘‘can’t-miss’’ plateau. While not rele- 
gated to a ‘‘back-shelf’’ status, flat-cable intercon- 
nects still have not overwhelmed the market. 

Based on our experience, we were somewhat 
mystified at this state of affairs and therefore 
asked the manufacturers for an explanation. L.W. 
Oliver, V.P. and Director of Business Develop- 
ment at ITT Cannon, offered his viewpoint. “To 
date, the major problem has been consumer 
awareness and a reluctance on the designers’ part 
to make the rather drastic change from individu- 
ally wired to flat-cable systems. However, this 
reluctance is apparently lessening, and more 
flat-cable systems are created or changed over as 
rapidly as the designers can work on them.” 

Mr. Oliver’s comments seem well-founded 
since connectors for flat cable are more available 
now than at any time in the past. Many connector 
companies now create new designs to serve this 
mushrooming technology. Although obvious, 
this last statement is a made-to-order ‘‘segue”’ 
into a new product review. 


Mass terminate with a single crimp 


With their Mas/Ter interconnect system, ITT 
Cannon confronts those critics who say that all 
IDC (insulation-displacement-contact) connec- 
tors are look-alikes: The Mas/Ter brings mass 
termination concepts into both the Type-D and 


BURNDY 


METALOK BANTAM ~ 





Economy is a key feature of Burndy’s METALOK BANTAM line 
of miniature circular connectors. Constructed of a high- 
strength plastic body, units come in eight shell sizes and use 
the TRIM TRIO contact system. 
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Product-line expansion is the name of the game at T&B/Ansley 
Corp. The latest addition to their line of mass-termination 
products is the ‘‘D’’ connector (shown in the left foreground) 
which incorporates a spread pitch-contact design that com- 
pensates for the difference in flat-cable conductor spacing 


Type-UND market. Key to the system is a special 
spring-action contact. 

This contact, essentially a cylinder, has its two 
halves pointed at the top, with a thin slit down the 
front and a wider slot part-way down the back. As 
a wire is terminated, the contact points penetrate 
the insulation and push it aside. Mating occurs in 
the thin front slit with the rear opening serving 
primarily as a strain relief. The line includes 
box-contact type receptacles and headers, and 
units can be used in either a cable termination or 
mid-cable, daisy-chain configuration. 

T&B/Ansley Corp. also offers a series of mass- 
termination type-‘’D” connectors. This line incor- 
porates all the features and benefits offered by 
their BLUE MACS system—a one-piece connector 
design that speeds installation, offers selt- 
aligning cable grooves that automatically position 
the cable conductors over the IDC’s, and patent- 
ed TULIP contacts that provide four mating 
interfaces per conductor. The series comes in 9, 
15, 25 and 37 pin versions with male or female 
contacts. 

Alpha Wire Corp., one of the oldest full-line 
wire and cable manufacturers, is also a new 
source of flat cables and flat-cable connectors. 
They offer a design that permits users to inspect 
the connections before covering and crimping. 
The connectors have staggered microetched tines 
to effect good conductor grip, as well as self- 
cleaning, dual-cantilever construction for lower 
resistance connections. | 

Berg Electronics, on the other hand, is an 
old-timer in the flat-cable connector field and has 


(0.05 in.) and I/O mating contacts (0.0545 in.). 








Mating underwater in power-on condition is no problem for 
this environmentally sealed unit from Viking Industries. The 
secret of such success is a flexible bellows which accommo- 
dates changes in pressure and volume—problems that plague 
other designs. 


found it advisable to expand their line. The latest 
introductions include vertical headers, solder- 
to-pc-board connectors and a male DIP connec- 
tor for terminating flexible flat cable. All these 
additions are totally compatibie with their Quick- 
ie line of mass-termination flat-cable connectors. 

The ‘‘mass-termination’”” concept has even in- 
vaded the world of backplane interconnections. 
By allowing connections directly over wire-wrap 
pins, the 3M 3307 Schotchflex 50-position con- 
nector offers true I/O capability. This system 
includes: the 50-position socket connector, a clip 
for strain relief between cable and connector, a 
keying header, a polarizing key and a locater plate 
used with Schotchflex assembly presses for 
proper cable/connector alignment during termi- 
nation. The 3307 accommodates either 26 or 28 
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The increasing trend to plastics is evidenced in Amphenol’s 
family of miniature environmental Merlin™ connectors which 
feature an all-plastic, contact-retention system. A_hard- 
dielectric closed-entry socket insert and a hard-dielectric pin 
insert with a resilient face seal greatly increase end-use 
reliability. : 


AWG solid or stranded conductors as well as 30 
AWG solid conductors. 


The disadvantages of “‘unique’’ connectors 


Mass termination, as embodied by the IDC 
concept, has proved the most significant break- 
through in the flat-cable connector market. 
Unfortunately, this breakthrough perpetuated a 
basic limitation—each manufacturer’s connector 
required a unique and proprietary fixture to effect 
the termination. Now, thanks to Vector Electronic 
Co., the situation has changed. 

Their P187 terminating system accommodates 
female IDC’s from companies like AMP, T&B/ 
Ansley, Berg, CW Industries, 3M, and Stanford 
Applied Engineering, as well as their own prod- 
uct. The fixture consists of two aluminum blocks 
with precision-milled slots to accurately position 
connector and ribbon cable. Spacing washers and 
stepped surfaces in both the pressure bar and 
base accommodate the different vertical dimen- 
sions of the various connectors. The fixture’s 
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surface configuration precludes any adjustments. 
Positive bottoming eliminates ‘‘operator feel’’ and 
the resultant variations in connector 
installation—the operator merely applies pres- 
sure until it stops. 


A look in the crystal ball shows promise 


Always tempting to predict a rosy future for a 
technology, an optimistic outlook for flat-cable 
interconnect systems seems totally justified. Of 
course, flat cable can’t hope to find its way into 
every wiring application: Multi-breakout harness- 
es aren't made to order for flat-cable systems. But 
introductions like Vector’s could open the flood- 
gates. Designers like the security of second- 
source insurance; more companies should follow 
Vector’s lead and develop tooling that accommo- 
dates multiple-connector types. The cable is 
there—as are the connectors in increasing num- 
bers and varieties. Designers who consider the 
flat-cable system early enough to realize all its 
advantages can only wind up as winners. 


“Hook-up” with fiber optics 


With fiber optics, as with any other connector 
regimen, the primary design goal remains faithful 
low-loss transmission through the interconnec- 
tion medium. The problem with fiber optics, 
then, is more one of new or different parameters 
rather than a new set of rules. 

Fiber-optic connectors instigate no gold-vs.-tin 
controversy, no contact-resistance debates and 
no insertion-force problems. Rather, users must 
choose between single-fiber and bundle-cable 
connectors; metal and plastic connectors; and 
face new problems with cable alignment. 

Basically, two disciplines exist for fiber-optic 
connectors: end-of-the-line cable termination (to 
a bulkhead connector on a piece of equipment or 
to a light source or photodetector), and cable-to- 
cable interconnections. These broad categories 
then raise the question of permanent splices or 
demountable connections that must be mated/ 
unmated repeatedly. | 

The most common type of fiber-optic product 
in current use is the fiber-optic bundle. Termina- 
tion technology for bundle cables has advanced 
fairly well, and cable-to-cable connections are 
not a major problem. However, ‘To get a little, 
you've got to give a little.” In this case, what you 
give (trade-off) is signal attenuation to get re- 
duced alignment problems. | 

A fiber-optic bundle, as the name implies, 
contains a number of fibers grouped together to 
form a single optical-signal path. Typically, these 
bundles show signal losses that can range any- 
where from 50 to 1000 dB/km. Low-loss cables are 
available today that could minimize this attenua- 
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ment equal to half the fiber-core diameter can 
cause connection losses in the 4-5-dB range. 
Separable connectors add another dimension to 


tion figure, but the economics involved make 


the cost of such an ‘‘optic bundle”’ prohibitive. 
However, many fiber bundles (both glass and 





plastic) currently exist with loss figures in the 
above cited range, that are more than adequate 
for a good number of short-range, data- 
transmission applications. A kilometer, approxi- 
mately 3300 ft, is a considerable distance to run a 
cable from the computer to most peripherals. Cut 
the cable length by a factor of 100 to 200, and you 
drastically change the loss picture. 


Single-fiber connectors still wanting _ 


However, with long-range communications 
(where the data links do indeed run into miles), 
the above loss levels prove too high. Single-fiber 


the problem. — 3 : | 


In such connectors, cable end-surface integrity 
dictates the presence of a gap between the 
mating faces. However, this gap can’t get too 
large: Spacing equal to 50% of the fiber-core 
diameter can lead to loss levels even greater than 
those resulting from lateral misalignment. When 

ou consider that we're talking in terms of 
micrometers (and such figures must be reflected 
into the machining tolerances of the connectors), 


we «< 


you can appreciate the problem. : 
But why go to all the bother of producing 
mating connectors for fiber-optic cables. Well, 


some real industry giants number themselves in 


the fiber-optic. connector business—companies 
like ITT Cannon, Bunker Ramo/Amphenol, AMP, 
Berg and Burndy—and one of them (AMP) states a 
very good case for the ‘‘why-bother” question. 
‘Fiber-optic cables are a promising next- | 
generation data-transmission medium. They offer 


cables work here, where today’s technology has 
brought loss levels down to the 10-dB/km range. 
Unfortunately, a high-quality connector for a 
single-fiber cable is the major area requiring 
additional development. 

While figures like 0.1 dB are being quoted in 
the laboratory, the best commercially available 
connectors still evidence a 1-dB loss level. 


many significant advantages over present-day 
Though acceptable, this figure is obtained only coaxial cable and twisted-pair wire. Hundreds of 
when the optic fibers are precisely aligned ina __ fibers can be bundled into acable no thicker than 
single-fiber splice. : : the lead in any ordinary pencil and maintain 

Lateral or axial alignment is the most critical excellent signal-carrying capabilities as well. Ac- 
parameter regarding splices. An axial displace- | companying this tremendous size reduction is a 
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corresponding reduction in weight. 

‘‘Additionally, fiber-optic cables provide immu- 
nity to stray RFI and EMI fields that can distort 
signals in metallic cabling. Finally, maximum 
security is provided because optical cables are 
virtually impossible to tap, and there is also no 
conventional RF emission, signal-coupling or 
cross-talk between fibers.”’ 


On-the-shelf and ready to go 


Building on an established series of subminia- 
ture coaxial-cable connectors, Bunker Ramo’s 905 
Series of fiber-optic connectors will join optical 
bundles currently manufactured by Corning, 





To help keep costs low, the basic design of Bunker Ramo’s 905 
Series of fiber-optic connectors is taken from their SMA 
coaxial-connector line. In addition to accommodating light 
sources and detectors, the 905 line will join all optical bundles 
currently manufactured by Corning, DuPont, Galileo, Valtec, 
Poly-Optics, Pilkington and Rank. 
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If you’re looking for variety, then look to ITT Cannon for 
fiber-optic connectors. Their extensive line includes BNC (a), 
PV (b), DPK (c) and SMA (d) styles. All optical interfaces are 
designed to minimize coupling losses, facilitate cleaning and 
ease the job of contact replacement should cable changes be 
required. 


DuPont, Galileo, Valtec, Poly-Optics, Pilkington 
and Rank. Although designed to accept photo 
transistors in large TO-5 cans, the receptacles in 
this line can, using inserts, handle LED’s and 
other semiconductor devices packaged in smaller 
cases. The 905 series also includes straight cable 
plugs and in-line splices. 

To minimize costs, the basic connector design 
is taken from the company’s SMA coaxial-cable 
connector line. The principal design change 
occurred in the connector body, which now has 
an outer diameter of 0.25 in. and a max. cable 
opening of 0.156 in. in its solid-brass backend. 
The mating-probe end is then drilled to optimize 
the specific bundle’s packing fraction (the ratio of 
total cross-sectional core area to total cross- 
sectional array area). 

If breadth of product line is any barometer, 
then ITT Cannon appears ‘‘bullish’’ on fiber 
optics. A devotee of the metal-shell philosophy, 
Cannon offers connectors in BNC, PB, DPK and 
SMA styles. Spanning the spectrum from the most 
stringent military environmental requirements to 
the demanding cost restraints of consumer appli- 
cations, Cannon’s connector offerings include 
complete lines of source-to-fiber, fiber-to-fiber 
and fiber-to-detector connectors. All units as- 
semble and disassemble easily, and all optical 
interfaces may be cleaned as necessary without 
total disassembly of the connectors. 

AMP, a plastic-connector champion, offers a 
termination that accommodates a wide variety of 
fiber-optic bundles, provides optimum packing 
fraction and simplifies end-polishing. Termina- 
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tion capability also includes splice bushings, 
bushings that can house either a light source or 
photosensor, and multiposition connectors. 

Dry-splice insertion loss (two terminations 
face-to-face in a splice bushing) is approximately 
3 dB. Depending on the type of bundle terminat- 
ed, insertion loss is about 2 dB with an index- 
matching, coupling-medium fluid. 

During termination (and when connected), the 
resilient nose of the thermoplastic ferrule com- 
presses radially, compacting the fibers into a 
min.-diameter bundle on the centerline of the 
termination. This feature lets the termination 
absorb the tolerances normally associated with 
the number and diameter of fiber in a bundle, 
and thereby provides a superior packing fraction. 


Promising today, but what about tomorrow? 


The early efforts to achieve standardization lists 
high among the most promising signs in the 
fiber-optics field. Manufacturers in all facets of 
the technology—cables, electro-optical devices 
and connectors—are currently addressing this 
task. The connector industry has readily adopted 
the fiber-optics philosophy: Rather than take an 
old ‘‘wait-and-see’’ attitude, many connector 


manufacturers now concern themselves with this 
technology, though still in its development stage. 





Cost and weight advantages of plastic-bodied connectors are 
embodied in the CPC family from AMP. Molded from 
flame-retardant thermoplastic, the connectors have built-in 
contact protection and are available in both sealed and 
unsealed versions for panel or free-hanging applications. 








When you need a ZIF for cable-to-panel interconnects, try the 
4346-N from Molex, Inc. Available with 16-, 24- or 36-circuit 
capacity, the units offer long life, a choice of crimp or pc-tail 
terminals, a 94V-O-rated housing and either pre-tin or 
selective gold-over-nickel-plating options. 


Circulars—good designs never die 


Since they’ve been around so long, it’s natural 
to assume that nothing new in the area of circular 
connectors could possibly exist. Quite the 
contrary—a good deal of activity has occured in 
product refinements and modifications, but new 
design techniques in polymer retention as well as 
contact manufacturing are also in evidence. Many 
totally new lines have appeared on the market, 
including one family of all-plastic devices. 

Why all this activity in circulars? The answer 
(which AMP. used to justify the introduction of 
their CPC circular line), is quite simple: The 
circular connector is the single most widely used 
multipin connector in the electrical and electron- 
ic industry. And the reasons for this preeminence 
are sound. 2 

When compared to other geometric shapes, 
the circular has an extremely favorable weight- 
to-strength ratio. The standard rotating-coupling 
mechanism of circulars eliminates the need for 
either separate jackscrew hardware or additional 
mechanical devices to compensate for greater 
mating and unmating forces as contact densities 
increase. Versatility is probably their most attrac- 
tive advantage; they can be modified to a 
considerable extent without altering their stan- 
dard characteristics. 


MIL on the left, commercial on the right 


The shopping list of new circular offerings is a 
rather mixed bag. The Tri-Start connector from 
Bendix operates without lockwiring under severe 
vibration and temperature conditions. A unique 
threaded coupling allows rapid complete mating 
in three quarters of a turn, with self-locking and 
resultant anti-decoupling capability. 

To minimize potential contact damage, the 


61 





What you see is all you need to start evaluating the advantages 
of flat-cable interconnect systems. The FCT-80 designer’s kit 
from Alpha Wire Corp. includes an assortment of 57 styles of 


Tri-Start is scoop proof and provided with univer- 
sal holes for front- or back-panel mounting. 
Common inserts, contacts and application tooling 
extend the proven advantages of MIL-C-38999 to 
the Tri-Start design. 

Burndy Corp. exemplifies the new contact- 
manufacturing techniques cited earlier. They've 
designed a contact line (Trim Trio) that works as 
well in their hard- and soft-shell rack and panel 
connectors as in their METALOCK BANTAM line 
of miniature circular connectors. Units in this 
latter line have a high-strength plastic body witha 
durable, metal bayonet-coupling/quick- 


disconnect feature, providing reliable mating and 
unmating without stress problems. 

Using the TRIM TRIO contact system allows the 
choice of intermixing or strip-formed, machined 
Or subminiature coaxial contacts, and achieves 






Bs : Beg 2 ee er ae 


Enhanced insul tion-displacement action is a prime feature of 
Berg’s new Quickie pc-board connector. Available with from 
10 to 50 contacts, the connectors may be mass-terminated to 
round-conductor flat cable before or after they’ve been 
wave-soldered into pc boards. 
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connectors, a 100-ft reel of 50-conductor flat cable and a 
bench press with universal adapter. 





Second-source insurance is comforting to designers, and 
that’s just the kind of policy Vector Electronic’s P187 
terminating fixture provides. Unlike proprietary units which 
handle only certain plugs, the P187 accommodates all female 
IDC plugs from Vector, AMP, Alpha, Ansley, Berg, CW 
Industries, 3M and Stanford Applied Engineering. 


positive locking. ! 

TRW/Cinch has developed a new series of 
circular connectors designed for pc boards and 
flexible circuits. Designated the Nuline 901 Se- 
ries, they offer high contact density that makes 
them particularly useful in multilayer boards. 

Up to 85 size-22 contacts can fit in anumber-18 
shell insert. Other sizes in the line are available 
for insert arrangements of 12 to 155 contacts. 
Used with flexible circuits, the connectors are 
supplied with a nylon pad for more secure 
contact. Featuring terminal lengths ranging from 
1/16 to 1/4 in., the connectors in this series 
conform to the electrical, mechanical and envi- 
ronmental specifications of MIL-C-81511. 


Is the circular world going plastic? 


Recent product introductions seem to indicate 
a “yes” answer. One good example, AMP’s 
all-plastic CPC line, satisfies the numerous indus- 
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trial and commercial applications that require 
better performance than that of the soft-shelled 
connectors used in the appliance industry—but 
do not need the expensive metal-shell units 
designed for military applications. 

Patterned after MIL-spec connectors, the CPC 
units have bodies and back-shell strain reliefs 
made from glass-filled nylon, and a coupling ring 
of a resilient thermoplastic. Four shell sizes (11, 
13, 17 and 23) currently form the basis of the 
family. This size range allows for connectors with 
from 3 to 63 contacts, available in ratings of 7.5, 13 
and 35A. 

A skirt which extends from the mating face and 
completely encircles the contacts protects those 
in the receptacle housing. The skirt’s five polari- 
zation keyways further enhance contact protec- 
tion. Available in both sealed and unsealed 
versions, the CPC family is both UL-recognized 
and CSA-approved. 

An even more significant ‘‘trend-to-plastics”’ 
indicator is the increasing popularity of polymer- 
retention systems. While Bendix, Cinch and 
Deutsch number among those currently offering 
polymer-type connectors, the Amphenol Div. of 
Bunker Ramo Corp. leads in breadth of product 
line. Merlin Il, a most recent addition to their 
line, is a family of MlL-standard, high-density 
subminiature connectors. 

With a total offering of 56 insert arrangements 
to both MIL-C-38999 Series | and II, this family of 
rear-release, crimp, removable-contact designs 
includes insert configurations in a complete 
selection of shell styles and contact sizes. All 





No cable interconnect is impossible for the HAC-PAK™ series 
of subminiature connectors from Hughes. Designed to 
simplify the connection of round-to-flat, flat-to-flat or round- 
to-round cables, they come with three contact types: 
crimp-removable rear-release (nonenvironmental, environ- 
mental or potted), RFI/EMI fixed filter and fixed solder tail. 








Versatility leads to economy and this leads you to the 
QIKMATE line of connectors from Burndy. Reasoning that “‘if 
it works—why not use it,” Burndy has taken a standard 
low-cost, soft-shell connector body, added a fourth design to 
their TRIM TRIO contact system and come up with a highly 
reliable fiber-bundle connector. 


components are fully intermateable, interchange- 
able and intermountable with existing connector 
configurations. 

The wide variety of insert configurations on the 
market includes versions ranging from a size-8 
shell with three contacts to a size-25 shell with 128 
contacts. Four contact sizes (22D, 20, 16 and 12) 
are available, as well as appropriate insertion/ 
removal tools. 


Rounding out the world of circulars 


We've catalogued rather full-line product intro- 
ductions above, but other activity in the circular 
field exists. Viking Industries, for example, has 
developed a connector that can be mated/ 
unmated under full power with the device 
underwater. This unit is not restricted to marine 
applications only, however. 

AMP speaks of approaches under development 
for microphone connectors that will bring IDC 
contacts into the small circular-connector field. 
This technology could perhaps reflect into other 
circular-connector designs where low cost and 
maximum production speed are required. 

ITT Cannon has modified basic design concepts 
to effect customer economy, as well as designs 
for new applications in new markets such as 
automotive and off-road equipment. Further, 
their new environmental connector embodies 
many design concepts from old connectors— 
wire-sealing from standard-MIL connectors, 
interfacial-sealing from underwater types, and 
materials from standard circulars. 

So despite its age, the circular connector field 
seems ripe with innovation and new design. 
Probably the most important trend is that of anew 
image. No longer can the circular be considered a 
MIL connector; from the standpoint of econom- 
ics, it has definitely gone commercial. O 


Article evaluation: Please circle one on R.S. card. 
Read Some—No. 303. Read Most—No. 304 
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Buy our IC lead sockets (at the lowest prices any- 
where), and assemble your own pluggable boards. 
You may save money, and you may not, but at least 
you'll have the satisfaction of doing it right with 
high-quality Garry pins. (Squareness that’s exactly 
025”). And with a precision spring clip that holds 
the new shorter IC leads as well as providing the 
most consistent insertion-withdrawal rate in the 
industry. 


Ask us about our do-it-yourself boards. We'll rent 





For more information, Circle No. 41 


~ You always thou 
making your own boards 
would be cheaper. 
Heres your chance to prove it. 











you our super-fast “EZ Pin-Inserter” machine (4000 
to 8000 pins or dummies per hour, depending on 
your operator). We’ll let you use our super-fast 
automatic soldering system. We'll even make our 
design staff available to help you get started. 


All to prove that, even when you do it yourself, we 
won't pin a bum wrap on you. 


Garry Manufacturing Company, P.O. Box 94, New 
Brunswick, New Jersey 08902. (201) 545-2424. 


Manufacturing Co. } 


We won't pinabum 
wrap on you. 
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CLARE’S NEW MINI ; 
MEMORY MATRIX OFFERS A 
PACKAGING SELECTION THAT 
STRETCHES THE IMAGINATION. 


Four compact packaging formats 
offer engineers real flexibility in 
creating multi-pole switching ar- 
rays for telecommunications, pro- 
cess controls and automatic test 
equipment systems. The basic 64- 
cross point switching module is 
built around Clare’s 
durable magnetic self- 
latching dry reed switch 
capsule. With Rhodium- 
plated contacts insuring 
several million operations. 


IT REMEMBERS. IT ERASES. 


The multiple crosspoint coils 
are uniquely interconnected to 
provide coincident selection paths. 
Simultaneous current pulses on 
the X and Y axes address the 
crosspoints. A new selection auto- 
matically erases the previous se- 
lection. Dielectric spacing inhibits 
crosstalk while providing a stand- 
off rating at 600 Vdc on standard 
models, 800 Vdc as an option. 


~hew from CLAR 
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CHOOSE FROM WIREWRAP, 
CABLE PLUG-IN, OR 
PCB TERMINALS. 


Both the wirewrap and cable plug- 
in units are available in 2 or 4-pole 
8X8 arrays. The PCB unit comes 
in 2-pole 8X8 and 8X16 arrays. 


The PCB unit is compatible with 
conventional pre-wired card cage 
assembly techniques. The cable 
plug-in units mate with standard 
9-pin in-line 
socket and 
16-pin DIP 
jack termi- 
nations. 


For more information, Circle No. 42 


It's New! It’s Revolutionary! 
We call it the Mini Memory Matrix 















FOR MORE INFORMATION ... 


The new 969 Series is certainly 
worth finding out about. A New 
Mini Memory Matrix catalog is 
now available. Also available are 
two “TAR” (Technical Applica- 
tion Reference) publi- 
cations: TAR-Clare 
Mini Memory Matrix 
and TAR-Clare Self- 
Latching Dry Reed 
Relays. For more 
specific design information, 
write G. Neeno, C. P. Clare & 
Co., 3101 W. Pratt Ave., Chi- 
cago, Ill. 60645. Phone: (312) 
262-7700. 


QUALITY, SERVICE, 
RELIABILITY 


C. P. CLARE & COMPANY a subsidiary of 
GENERAL INSTRUMENT CORPORATION 
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CONNECTING DEVICES DIV. 


Today we 
supply the spark 
for America’s 
fe (=) (=) ase ’ 





Connections were much simpler 
200 years ago. Torch the fuse 
and the cannon fired. 

Supplying the vital spark 
that makes a modern weapon 
system do its job is a lot 
more complicated. 

That's where we come in. 
For many years, primes and 
OEMs for military and aero- 
space products have depended 
on us to provide the vital links 
in their electronic systems— 
flat cable, etched circuitry, 
connectors, and total inter- 
connection systems. 

Our high-rel connections 
have to be the best. They're 
used in systems like Phoenix, 
Maverick, Lance, Minuteman, wer cth sat Ses techs ts TU kek Nhs 
AWACS, F-14, F-15, Space Shuttle, [Rete esaae ie ett ser exe teat ates 
Viking, Sonobuoy, F-4, A-7, >. . a“ Fctrle 280 e yt pre tere t+ 
Condor, Standard Missile, F-18, 
AAH, Cruise Missile, F-8, Trident, 
Hobo, Sprint and many more. 

To learn how we can serve 
your interconnection needs, 
contact Jack Maranto or Dave 
Cianciulli: Hughes Connecting 
Devices, 17150 Von Karman 
Ave., Irvine, CA 92714. 

Or call (714) 549-5701. 


Connecting Devices 


For more information, Circle No. 43 


YOU'D THINK 
YOU DESIGNED IT 
YOURSELF 


‘our design, li 


Ss Pdesion 


than 20,000 Gor 


ir way into the 


engineers all over 


re information contact Gould Inc.. 


ver Supply Dept., 3631 Perkins Ave., 


veland, Ohio 44114. 


r brochure call toll free at 
800) 325-6400 Extension 77 
| Missouri: (800) 342-6600 








Kalmus is the name—Precision Printed Our customers of eare Eyectarel tare) have 
Circuitry is our game. The winning fo) aaalel hela (otelaalcrem carve lamealsy oa dccel ileal aaelaiccve 

a eine PCB game—top quality printed Olicetiia cley-icener-lini-meltner-lamec\--ta elles 
Circuit boards—at a fair price. 3 The next move is yours—why not make 


oe : SF itto Kalmus? 

Whether it’s single sided, double sided 

or plated thru holes—our boards are a Send for our new Precision Printed 
jump ahead of competition.Letus Circuitry catalog. | 
demonstrate what our vastexperience, | 

attention to feletectl revalenere)asvaniidaeiciaiance) 

quality can make i in | the performance © 

_ of Kalmus PCB’s. 











Broadview, Illinois 60153 
Phone: 312-343-7004 


‘Look for this 
_mark of quality. 
on Kalmus circuitry 


asking about 
SUBMINIATURE LAMPS? 








CHICAGO 
MINIATURE 


THE ANSWERL 





Chicago Miniature has the answer for every 
subminiature application. All base configurations or 
wire terminal... all colors. ..standard products and 
specials ... whatever you need with high quality at 
competitive prices. There’s off-the-shelf delivery on 
most items from your distributor. For more 
information, or expert design help, contact Chicago 
Miniature Lamp Works, 4433 N. Ravenswood Avenue, 
Chicago, Illinois 60640. Phone (312) 784-1020. 


CHICAGO MINIATURE LAMP WORKS 
GENERAL INSTRUMENT CORPORATION [=] 


For more information, Circle No. 46 
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2arn How 
omputer 
elp Solve 
Factory’s 
Problems 


| Increase 
Profits 





ntory Management 
in the Computer Age 


Today, the computer’s application in manufacturing has the 
potential to respond to scheduling changes effectively and give 
sound, practical knowledge for production control. 


Written by Oliver W. Wight, this book examines in detail the 
elements and operation of a formal production and inventory 
management system in computerized industries. It shows people 
in manufacturing management how computer-based material 
requirements planning can help reduce inventories, improve 
customer service, and better the response to marketing demands 
and the increases or decreases in business. Thus, rather than 
discussing actual computer programs per se, the book describes 
how computers can be tools for achieving real growth and in- 
creased profits in manufacturing. 


Covers priority planning, capacity planning, capacity control, 
priority control, supporting functions, and management 
responsibilities. Short case studies illustrate specific techniques. 
Glossary. Bibliography. Index. 6 x 9 284 pp. 


Cahners Books 


221 Columbus Ave., Boston, Massachusetts 02116 


Please send me copy(ies) of Production and Inventory 
Management in the Computer Age (PIWH) at $14.95 each. If 
not satisfied, I may return the book(s) within 15 days for full 
refund. 


[1 Enclosed is my check for $____ (including 75c 
handling charge per book. Publisher Pays postage) 

[J] Charge to my Master Charge Account Number 

L] Please Bill Massachusetts residents add 5% sales tax 

Name 

Phone 

Address 

City, 

State/Zip 

Signature 
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CO-PLANAR CONNECTOR 











FIELD PROOF 





Heres 
Burndy’s exclusive GT 
gas-tight, corrosion-fr 





For high reliability and 
economy, GTH QIKSTACK 
connectors are used in Honeywell’s new 
Series 60, Level 6 minicomputer. 





For design flexibility and : 7 
reliability, GTH FLEXLOK \ 

connectors are used by Aero 
Products Division of Litton Industries in the 
DIGIPROX™ ground proximity warning system. 











































































































































































































For closer packaging density 
and high reliability, the 

GTH chassis Co-Planar 
connectors are used in Quasar’s 
remote control television. 













With Burndy GTH connectors, you enjoy the - Low cost, high reliability: Helps yo 
performance characteristics of gold—without interconnection costs up to 33% and | 
suffering its high cost. If that’s too hard to believe, _ without sacrificingreliability. 
just study the performance comparison chart. - Interchangeability: May be used with existing 

| : gold, tinorsolder-platedcomponentswith —S> 
The secret behind the amazing performance of GTH no loss in reliability. ee 
is the use of high pressure plastic deformation to - Design Flexibility: Compact designforclose _ 


achieve a gas-tight, corrosion-free contact, anda 
contact geometry that provides an ingenious 
mechanical interlock to insure good metal-to-metal 
contact despite vibration or thermal expansion. 


packaging densities, simplified handling, 
installation and field serviceability. Se 
Ease of Installation: Requires no special tooling 
or operator training. Installs like any ordinary 





Burndy GTH contacts not only eliminate the need ~ connector. = 
_for gold in the connector, they eliminate gold in the Unbelievable? Send for more proof. Simply che 
mating component as well. You save both ways— _ the convenient Quick Response Card and we'll 


without sacrificing performance or reliability. send you documented test data. 





peeeramerarammenrawetie en. 





rool! 


oncept insures high-pressure, 
ontact without the use of gold. 





| 
| 










Unique contact geometry concentrates 
pressure at point of contact for 


Spring force maintains contact gas-tightness. 


pressure. Absorbs vibration, 
prevents fretting corrosion. 


Whisker-free tin-alloy plating. 


Ordinary soft solder target 
rather than gold. 


LABORATORY PROOF 


di ce ch 


_—— 


After Environmental Test, at Dry Circuit Levels. 
(Range of Values Within 99.9% Confidence Level) 


Environmental 
Test 


Thermal Shock 


Humidity . 


Industrial 
Atmosphere 


Gas Tightness 


Thermal Cycling 


Durability 


| GTH Contacts | Conventional Geometry Contacts 


Tin-Alloy Plate 


4.0-5.5 
100 cycles 


40-5. 
5-500-5 Hz 


50-100 Microinch 
Gold Plate 


15 Microinch 30 Microinch 
Gold Flash Gold Plate 


Not Applicable Not Applicable Not Applicable 


5.0 - 9.0 
100 cycles 


40-80 
10-2000-10 Hz 


9.3 - 9.3 
900 cycles 


9.3 - 9.3 
10-2000-10 Hz 


10.1 - 12.2 
100 cycles 


9.0 - 15.0 
10-55-10 Hz 


Tin or 
Tin-Alloy Plate 


28.7 
Open Circuit 
40 
Open Circuit 
4.0 
Open Circuit 
13.9 - 57.9 
100 cycles 


4.0 - 15.0 
10-55-10 Hz 


CYCLES OF CONTACT FRETTING TO FAILURE 


Relative Lifetimes Under Accelerated Fretting Conditions 
Without Lubrication 


Conventional 
Contacts 
Tin-Alloy 

Plated 


Conventional 
Contacts 
10 Microinch 
Gold Flash 


Conventional 
Contacts 
30 Microinch 
Gold Plate 


GTH 
Tin-Alloy 
Plated 








































































































































































































































































































































































































































































































































































































































































































































































































DIL IC SOCKETS 


Burndy GTH connectors are available in all types of 
designs for all types of applications. All of them are 
currently being used to help control connector costs by 
some of the best known names in the electronics field. 
Names like Quasar Electronics, Litton Industries, 
Honeywell, National Semiconductor, Dictaphone, and 
Wang Laboratories to name just a few. Use the 
convenient Quick Response card for more information 
on how GTH can help you keep your competitive edge. 
We'll send you data that’s worth its weight in gold. 


QIKLATCH™ zero-entry Mother/Daughter PC 
connectors in sizes from 8 through 24 positions on 
196" centers. 


EDGE-TITE™ PC connectors in sizes from 10 through 
90 positions on .100” centers. 


QIKSTACK™ feed-thru connector. Board-to-board 


Spacing from .250” to .625”. Up to 30 contact positions. 


© 1976 Burndy Corporation Printed U.S.A, 


: 





EDGE-ON™ board-to-board receptacle. Up to 15 
positions on .100” centers. 


DIL IC SOCKETS for leaded packages, in sizes from 
8 through 42 positions. 


LED CONNECTOR board-mounted PC receptacle in 
a wide range of sizes and viewing angles on .100” centers. 


FLEXLOK™ connectors for flexible circuitry and 
flat conductors in sizes from 6 through 21 positions 
on .100” centers. 


CO-PLANAR solderless-wrap chassis connector 
in 15 positions on .156” centers. 


HYPOINT ™ leadless IC receptacles in sizes from 
24 through 48 positions. 


| BURNDY 


Norwalk, Connecticut 06856 
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Designer—think “user’’ when you 
firm up that interface device 


Clothing manufacturers survive only if their products fit well and 
please the user. There’s a moral here for computer-room suppliers. 


John Dinan, Raytheon Co. 


Today’s computer room is an anachronism. 
We've located a 20th-century computing device 
in a noise environment that resembles the 
19th-century textile mill. Equally hard to recon- 
cile, the operator of this equipment must work 
with a control device (e.g., keyboard) that was 
designed without considering specific human 
digital skills—or even the common features of the 
English language. Nor is that all. In many batch 
operations a 100-lb user must move tons of paper 
a week to and from these ‘‘marvels.’”’ 

Designers could greatly improve computer- 
system productivity if they would just pay more 
attention to points of operator-machine contact 
that affect the speed and quality of throughput. 


Pointing a finger at a problem 


The primary operator interface is the keyboard, 
and an ordinary typewriter keyboard presents a 
good example of how operator-machine interac- 
tion can affect throughput. 

As early as the 1930’s, A. Dvorak devised a 
keyboard that based finger work load on such 
hard data as finger strength and maximum tap 
rates. Finding that 35 digraphs (2-letter combina- 
tions) account for half of the keyboard tasks, he 
designed his improved keyboard to permit a 
maximum number of successive movements by 
fingers of the opposite hand or by nonadjacent 
fingers, and maximum use of ‘“‘home-row”’ keys. 

Dvorak’s results were, and still are, impressive. 
His keyboard has produced operator speeds of 
200 words/min. while the record for a standard 
keyboard stands at approximately 160 words/min. 

Well, designers may not be sufficiently adven- 
turous to use a Dvorak keyboard, but their choice 
of special-function keyboards is more difficult to 
understand. By a ratio of 5:1, they select the 


<For more information, Circle No. 47 





Fig. 1—It only makes sense to use a keyboard design that is 
faster to use and produces fewer errors, right? Then why do 
the designers choose the adding-machine layout (b) over the 
superior telephone arrangement (a)? 


adding-machine layout (Fig. 1b) over the tele- 
phone arrangement (Fig. 1a). Yet this choice 
seems illogical in view of the latter’s long- 
demonstrated and statistically significant superi- 
ority based on time and error criteria. 

Why be concerned with operator-keying er- 
rors? Because they reduce throughput across four 
time segments: the original keying of the mes- 
sage, the system-error detection, the display of 
error to the operator and the rekeying of the 
message. 

Selecting or designing hardware to reduce such 
errors requires attention to the areas of standardi- 
zation, safety and operator efficiency/comfort, so 
let’s discuss each in turn. 


Standardization pays off 


If your equipment is used with other 1/O 
devices, all keyboard layouts should be compati- 
ble. An operator (perhaps a touch typist) can then 
switch from terminal to ASR to keypunch without 
the confusion and error rates that result when 
two or more varieties of keyboards are used. 

Many other system areas can benefit from 
standardization. All major items of equipment ina 


FL: 


al 


system should have common controls, labeling, 
abbreviations, arrangement schemes and 
control-panel layouts for common functions. This 
holds for the CPU, line printer, card punch, card 
reader, tape transport, disc drive, and for main- 
frame items. 

Behind all this standardization is the psycholog- 
ical principle that people have a tendency to 
repeat learned behavior. Therefore, a ‘‘clear’’but- 
ton on the I/O console should be the same 
physical item as a “‘clear’’button on all other 
devices. It also should be in the same relative 
location on all the devices and have identical 
labeling. Minor violations of this principle can 
cause higher error rates, while major violations 
increase training costs. 


Safety: OSHA’s watching you 


If your design requires the user to change such 
items as filters, lamps or ribbons—and if to do 
this he must access maintenance panels—these 
changes should be possible without his ap- 
proaching high-voltage areas (above 70V) or 
moving parts. Each piece of equipment should be 
systematically evaluated against all operator haz- 
ards, preferably using an accessibility checklist 
such as that in Fig. 2. 

Every ‘‘yes’’ in the ‘‘operator can access’’ 
column requires a “‘yes’’in the ‘protection pro- 
vided”’ column. Both protection and warnings are 


needed where a clearly (or potentially) hazardous 


condition exists that cannot be corrected by 
design. 


Comfortable operators accomplish more 


While operator efficiency and comfort are 
difficult to relate precisely to throughput, proper 
attention here will certainly increase total system 
efficiency. 

If some type of work-flow analysis is 
completed—especially for batch operations—the 
following floor-layout objectives can be realized: 
e Task-shared equipment should be equally 

accessible to all users. 

e Nonusers should not have to pass near 
equipment that is not task-shared. 

e 1/O job tables should be located near the 
computer-room door. 

e Similarly, it is preferable to locate forms/ 
card-supply cabinets near the devices they 
support. 

e Each unit of equipment should have a noise 
limit to which it will be tested. 

e The principal operator work stations should 
permit comfortable seating (if console opera- 
tions require >20 continuous min. at the 
console), or sit-stand operations (for <20 
min.)—or both, if the user situation over 
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three shifts calls for it. Hard, user-related, 
anthropometric data should govern the me- 
chanical workplace design. 

Designs based on such user-related require- 
ments will achieve two significant advantages, 
each of which has a dollar value. First, user 
dissatisfaction and resulting engineering change 
procedures will be minimized. Second, the user 
will enjoy a safe, efficient work environment. 


Ways to spend little but get big returns 


A closer look at principal work-station hard-. 
ware reveals that design features to enhance 
operator performance need not be expensive. For 
instance, if the console is used less than 20% of 
the time the operator is in the computer room, 
provide a sit-stand design option. Also, if the 
facility includes a large work station, locate shelf 
space to the operator’s right side. Supply cable 
long enough to give the user some floor-layout 
options. And to make layout optimization easier, 
fit all movable pieces with 2-1/2-in. diameter 
Shepherd planetary-type casters with locks. 

Again, designs to avoid if possible are those 
that require the operator to get behind panels for 
console maintenance. Further, most operators 
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Fig. 2—Accessibility check list aids the systematic evaluation of 
designs for potential operator hazards. 


have little actual use for operating manuals, so 
designers need not build a library-type shelf into 
the console. Instead, they should provide small 
cards with error messages for use during initial 
hands-on operator training. 


Those I/O devices, the TTY and CRT 


Some fairly simple, but important do’s and 
don’ts apply to the TTY. For example, if the 
terminal is interactive, do color-code incoming 
and outgoing messages (2-color ribbon with color 
shift). Select the character-set/keyboard-type 
style to be uniform on keypunch and high-speed 
printers. Make ribbon changing a clean and 
simple task. Eliminate sharp edges or corners 
from enclosures. Provide a height adjustment for 
large (and small) body sizes to add to the overall 
ease of use. Finally, provide a platen that displays 
up to 60 lines of data, and design it so that the 
operator can write or erase on it. 

Even alarm sources have their pluses and 
minuses. Pleasant ‘‘beep-type’’audio alarms, in- 
stead of the strident AHRUGAH type, are much 
preferred. 

CRT terminals seldom get the design attention 
they need to properly serve the user’s demands. 
Some requirements—like physical features simi- 
lar to those of the TTY device, and minimized 
reflections and glare from the display surface 


Tet ar ear 


(which should be laid out perpendicular to the 
line of sight)—seem almost obvious. Others, 
more subtle, are probably apparent only to those 
who’ve spent much time with CRT terminals. 

Among the less obvious points is that no 
hard-copy backup capability need be provided. 
Except for batch operators (who desire proof 
where and how a job bombed for their own 
protection, and so the programmer can be 
informed), hard copy is rarely used. 

Regarding formatted messages, designers 
should carefully consider a scheme such as that of 
Fig. 3. 

Cursors and joysticks have their preferred 
versions, too. Generally, using a box-shaped 
cursor with an isometric stick for cursor control 
proves best. The isometric stick has demonstrat- 
ed superiority to the standard joystick or trackball 
in reliability, cost, positioning time and position- 
ing accuracy. 

Display software preferably should be of the 
“intelligent” interactive variety. It should lead an 
unsophisticated user to error-free results via the 
menu process (which requires less operator 
activity). The display itself should use upright 
characters, since most user surveys show them to 
be superior to slanted characters in both speed 
and accuracy of identification. Blinking and 
double-brightness options serve well for user- 
applications that require immediate attention. 

Finally, display software should provide forms 
(where user-applicable) and protected fields, so 
the “right’’ information doesn’t wind up in the 
“wrong” place. 


Attacking the facility layout 


All we’ve discussed so far comes together at the 
user’s facility. Here the equipment layout is 
customarily based on the previous layout, cable 
lengths, cosmetic-arrangement criteria or all 
three. This combination then follows a Parkin- 
son’s Law of sorts for installation teams—that is, 
the equipment complement expands to fit the 
available floor space. 

Designers can most easily establish a logical 
layout based on operator activity and equipment 
characteristics by using the following 5-step 
method: 

1. Determine the kind of operation that will be 
performed on each shift (Batch, Comm., etc.); 
then ascertain the probable equipment comple- 
ment and define both the probable per-shift 
manloading and each operator's duties (listed 
sequentially). 

2. Set up a scale layout of available floor space, 
preparing scale models of both the computer 
equipment and the tape-, disc-, and forms-supply 
cabinets. 


Figs 


3. Attach a plexiglass overlay to one end of the 
floor sketch arranged so it can easily be lifted to 
move the scale models around. 

4. Make a preliminary floor layout using the 

layout aids, and trace operator-to-equipment and 

operator-to-operator task links on the plexiglass 
overlay with a grease pencil. 

5. Using the layout aids, modify the basic layout 

for the best possible compromise, taking into 

consideration all of the following points: 

e Batch operators require physical access to 
card readers, tape stations, printers and card 
punches—all prolific sources of noise. Where 
trade-offs exist in equipment layout, make 
provision for a reasonable separation be- 
tween the operator’s console and these noise 
producers. 

¢ Because disc units are used infrequently, 
they need not be close to the operator’s 
console. When two operators will use them, 
separate the discs and arrange them for the 
convenience of both. 

e When arranging time-sharing and communi- 
cations systems, give prime space consider- 
ation to the operational use of noncomputer 
equipment such as data phones, ASR’s and 
RO’s. 

¢ Locate forms-supply cabinets. near the input/ 
output devices to significantly reduce opera- 
tor fatigue, especially in batch operations. 

e Try to position disc- and tape-storage cabi- 
nets near the devices they support. 

¢ Situate input/output job tables near the 
computer-room door (to keep noncomput- 
er-room personnel out of the area). Simulta- 
neously, try to keep them near the tape 
station, card reader and other input devices. 

¢ If communication between operators is defi- 
nitely required, arrange the computer-room 
layout to enhance this capability. Note that 
team activities, where task performance is 
dependent upon the interaction of two or 
more operators, are more common in the 





Fig. 3—Message-format scheme that a designer selects for a 
CRT display should put data in specific, easily recognizable 
areas. i 
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zone-type operation (where the operator is 
assigned to devices, rather than to following 
a job from beginning to end). 

The foregoing layout instructions and guide- 
lines illustrate many typical user-type site-layout 
requirements. Designers should handle individu- 
al requirements by working-up the scale layouts 
in close consultation with user representatives 
and the senior member of the particular installa- 
tion team. 

One additional layout caution is in order. Be 
sure to isolate the operator’s work station from 
noise sources such as air conditioners, high- 
speed printers, and card punches. After comple- 
tion of the installation, make a noise survey and, 
using OSHA exposure criteria, set down recom- 


‘mended exposure durations if the results show 


noise levels in the lower 90-dB range. This 
protects operators and could shortstop a legal 
suit. 


What would you do if you were the user? 


A final key hint: The designer should try to 
place himself in the user’s shoes. Collecting and 
applying user-requirement data serves three pur- 
poses: It provides a sound and sensible design 
rationale, it alerts customers that the designer is 
sensitive to their needs (a marketing plus!), and it 
can hint at measures needed to protect his 
creation from operator abuse, no matter how 
unintentional. 

A few comments on the latter point are 
particularly important. Remember that a user is 
most interested in what a machine can do for him. 
This is the ‘rental car’’ syndrome. Ask yourself 
this: If you were two miles from the airport in a 
rental car and the ‘‘over-temp”’ light or the ‘‘oil’’ 
lamp came on, would you stop and miss your 
flight? 

The message here is that a designer shouldn’t 
depend on users to be interested in his equip- 
ment for its own sake. Therefore, he shouldn’t 
“OR” overtemp sensors to a ‘‘warning” lamp that 
requests operator reaction. Rather, he should 
provide an automatic shutdown that also gives 
users advance warning so that they can protect 
their data. 

Similar user-oriented thinking should apply to 
all hardware designs. Switches, for example, 
should be forced-limited, so they cannot be torn 
out by the roots (in the case of a pull switch). And 
although a console-shelf design ordinarily might 
not be stressed to support 250 Ibs., realize that it 
just may be used as a chair on occasion. 

So think user! That’s the complete message. 
Carefully consider how the user can use, and 
abuse, your equipment. You'll buy a lot of 
goodwill and avoid much grief if you do. O 
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High Voltage 
Diffused Silicon 
Rectifiers 





Varo Semiconductor, Inc. offers you the industry’s most 
complete line of high voltage rectifiers for commercial 
and industrial applications that require high reliability 
at an economical cost. 


Choose from one of these series: 


VA, VB SERIES 

1kV to 6kKV (Vprm) 

20 to 100 mA (lo) 

3A 1/2 cycle surge 

Fast recovery series (250ns, t,) 
Minimum size 


VG SERIES 

e 1kV to 20kV (Var) 

e 5 to 100 mA (lo) 

e 3A 1/2 cycle surge 

e Fast recovery series (250ns, t,-) 


VC SERIES 

e 2kV to 8kV (Var) 

© 1A to 2A (Io) 

e 50A 1/2 cycle surge 

e Fast recovery series (300ns, t,,) 


VF SERIES 

e 5kV to 40kKV (Vrrm) 

5 to 25 mA (lo) 

3A 1/2 cycle surge 

Fast recovery series (250ns, t,-) 
Axial lead or ferrule end caps 


For more information 
call Ms. Pat Brisendine 
214/272-4551 





Design us in... we'll stay there VARO 


VARO SEMICONDUCTOR, INC. 


P.O. BOX 676, 1000 N. SHILOH, GARLAND, TEX. 75040 
(214) 272-4551 TWX 910-860-5178 


EUROPEAN OFFICE: UK: VARO SEMICONDUCTOR INTERNATIONAL, INC. 
Deepdene House, Bellegrove Road, Welling, Kent, England DA163PY, 01-304-6519/0 


For more information, Circle No. 48 34 
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TRW maximizes polypropylene’s 
stability, insulation resistance, low dissipation factor, 
low dielectric absorption, etc., etc. 


Polypropylene dielectrics are great. 
But they’re far from being equal. There 
are differences in resins, differences in 
lead attachment, differences in the so- 
phisticated processing it takes to de- 
liver the complete potential of this 
remarkable dielectric. 


As an example, the TRW X363UW poly- 
propylene capacitor utilizes an entirely 
new termination technique. Result—a 
low dissipation factor through 10 mfd. 
Interestingly enough, the TRW X363UW 











capacitor, with its film case and epoxy 
endfill, can pass humidity resistance 
tests used for hermetically sealed 
capacitors. That’s better than most 
dielectrics can do. 


Reports indicate their low dielectric 
absorption is meeting a real need in 
switching regulator power supplies. 
But we’re open to new applications. 
For complete specifications, use the 
coupon below. 


[ Please send me specifications on your X363UW polypropy- 1 
| lene capacitors. 

7 (If you want applications assistance or samples, call our 7 

: Sales Engineering Department (308) 284-3611 and discuss 
| TRW Capacitors your requirements.) | 
l An Electronic Components l 
Division of TRW, Inc. N 
| 301 West “O”’ Street ox | 
| Ogallala, Nebraska 69153 Firm Name 7 
Address 

| | 
| : | 
en ee ee eb EONS 





FRW capacitors 


ANOTHER PRODUCT OF A COMPANY CALLED TRW 


For more information, Circle No. 49 
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AN IMPORTANT ANNOUNCEMENT 


~ FORUSERS OF RESISTORS: 





A NEW CONCEPT... 


including new lower prices... 
and stock delivery to boot. 


Current design practice has been to 
overspecify resistors to allow for 
expected tolerance degradation in 
service. 

Now, Vishay offers a new approach, 
with lower prices and short deliveries 
to bring Vishay $102 resistors within 
reach of designers whose end 
tolerance is +1%. 

In the past, you had to compro- 
mise, buying some other resistor that 
had to start with +0.05% tolerance 
to assure you + 1% at end of life. 


You needn’t overspecify any longer. 
Now, for just $1.90, you can buy a 
standard +0.5% Vishay S102 resistor 
with the stability your designs 
demand, assuring a far better +1% 
end-of-life tolerance maintainability 
than is available anywhere else. And, 
in the bargain, you get improved 
system performance, reliability, and 
quality with the resistor you really 
want. It’s a step-up which is now well 
worth taking. Specify your resistance 
values from the Mil-R-55182 standard 
value table, and get delivery from 
stock—ten days maximum. 


How come we can drop our price 
so drastically? 
Our production has always been 


geared to turning out special orders 
to any crazy resistance value you 
might come up with. But now our 
computer tells us that most of you 
specify standard values from the 
E192 list of Table 4 on Mil-R-55182, 
and that our unique ability to create 
any resistance value to 7-digit 
accuracy is utilized by only a small 
percentage of our customers. 

So what could be more natural 
than for us to build an inventory of 
our renowned $102 resistors in all 
the standard +0.5% resistance 
values of Mil-R-55182, and to pass 
our production savings on to you? 

Our new $1.90 price in 100-piece 
quantities (even lower in larger quan- 
tities) covers all the standard 
resistance values from 10 ohms to 
49.9k. From 50.5k to 100k, the price 
is only pennies higher. So buy +0.5% 
Vishay resistors by this plan, and 
save all the headaches you may now 
be having with the temperature, 
frequency, stability, and noise 
characteristics of your present 
+0.05% resistors. 

Of course, if you really need that 
special resistance value, or a toler- 
ance down to +0.001%, remember 
we’re still Vishay, the only resistor 


manufacturer that can give you all 
six of the top performance specs. 


Purchased tolerance vs. design 
tolerance. 

Our new booklet on 
design tolerance 
clearly explains 
the differences 
between pur- 
chased tolerance 
and the actual 
performance of 
resistors after 
even a few hours’ 
service. It may 
be an eye-opener for you. 

Ask for a Copy. 

Meanwhile, for full information 
on our new price plan and 
stocking facilities, 
call us collect at 
(215) 644-1300. 






Vishay 

Resistive 

Systems 

Group, VISHAY 
63 Lincoin \ RESISTIVE 
Highway, SYSTEMS 
Malvern, PA GROUP 
19355. 


Only Vishay resistors give you all six top performance specs. 







to 0+ippm/°C 


© Vishay 





For more information, Circle No. 50 





to 5 ppm/yr 


6631A 
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Can Be Easy To Use 


We think it’s our job to make your job simpler. That’s why our data 
conversion products come with the fullest guaranteed specifications in the 
industry. That’s why we use functional laser trimming to eliminate the need 
for zero and gain adjustments. That’s why we test every Micro Networks 
converter at 25°C and at both specified temperature extremes. That’s why 
we ll continue to develop the most advanced conversion products available 
anywhere. Products like our MN7100 8-bit, 8-channel hybrid data acquisi- 
tion system — only $140* and the industry’s first in a DIP package. 















Let’s face it. No designer’s job is child’s play. And that’s why 
designers look to Micro Networks for rugged converters that 
are simple to use. High performance converters at competi- 
tive prices. Over 150 standard types to meet your varied 
requirements. Call or write us today for specs on our full 
converter line. Specs that mean what they say. 


*in 100s 


MICRO NETWORKS 
CORPORATION 


324 Clark St., Worcester, MA 01606 617 852-5400 
For more infor. 









EDN uP DESIGN SERIES 


Take a common sense approach 
to your wP application 


EDN uses its hands-on experience to get acquainted with and apply 
the SC/MP wP as the basis for some down-to-earth advice. 


Robert H. Cushman, Special Features Editor 


Each new pP that EDN studies takes a consider- 
able amount of continuous, concentrated, 
hands-on effort to gain sufficient knowledge to 
really use it creatively in OEM design. However, 
our repeated experiences have evolved a 5-step 
procedure that minimizes wasted time and ener- 
gy. This article illustrates these steps by tracing 
our recent experiments with National Semicon- 
ductor’s SC/MP. 

However, first note that we advocate using 
simple, minimal hardware. Although essential to 
be able to program the system through a terminal 
such as an ASR-33, extraneous ‘‘bells and whis- 
tles’’ can be confusing to the point that they 
actually slow down learning. Of course, to use 
the terminal, your system must come with a 
resident MONITOR program. The ability to enter 
programs from a terminal, and then have the 
programs and the results typed out for ‘‘off-line”’ 
study, is critically important in speeding up your 
progress. 


Step 1: Check—Is your P a viable choice? 


Before you invest your time in any wP, you must 
assess whether or not it is likely to be available for 
the next three to five years. Thus, we asked Floyd 
Kvamme, Vice President and General Manager of 
National Semiconductor’s semiconductor divi- 
sion, whether National would develop an n- 
channel version of SC/MP. (We reasoned that this 
would be one good indication that National was 
serious about SC/MP.) Kvamme replied that 
National is indeed working on a NMOS version to 
come out sometime this fall. 

(Basant Khaitan, one of the device designers for 
SC/MP, gave us a few pre-introduction details: 
The n-channel version will be a depletion-mode- 
load device needing a single 5V supply. It will run 
only slightly faster than the present PMOS 


machine, which takes a full 2 usec for a machine 
cycle. The NMOS unit, however, should draw 
only 50 mA, meaning it will have only 1/4 the 
power consumption of the present 900-mW 
PMOS SC/MP. Chip size for the NMOS version 
will be moderately small, approximately 175 by 
190 mils. Otherwise, the NMOS SC/MP will be 
identical to the present PMOS version, with the 
minor exception that a few of the bus controls will 
have opposite polarities.) 


Step 2: Get a basic system running 


Once you’ve judged that your pP choice will 
probably continue to be available in the foreseea- 
ble future, get a simple prototype working to 
obtain hands-on experience with the wP. The $99 
SC/MP. kit, widely available through National’s 
distributors, proves excellent for this purpose. It 
packs enough hardware and resident software to 
enable you to acquire a good basic understanding 
of the machine, yet doesn’t obscure the basic- 
system architecture by piling on a lot of options. 

Unlike some of the uP kits on the market, you 
really can put this one together in a few hours. 
Moreover, the manuals supplied are quite ade- 
quate. EDN’s kit worked the minute it was 
hooked up to the power supply and Teletype. 

Fig. 1 shows our SC/MP system. We mount 
everything on a 24x 14-in. board to easily store it 
away as a unit, yet have ready for instant use. This 
configuration also helps us develop a mental 
image of how much hardware complexity and 
component cost is involved—an important fact to 
consider when you start to plan products using 
wP’s. 

The photo calls out the components needed to 
complete the $99-kit system. We built the power 
supply with just two plastic 3-terminal regulators, 
plus some rather bulky old electrolytic capacitors. 
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The connector to the TTY is a printed-circuit, 
edge-connector arrangement that we’ve standard- 
ized to enable us to rapidly connect the TTY to 
any pP. 

The most important hardware part of any pP 
breadboard is the ‘‘control panel.’’” We recom- 
mend that you bring out to this panel all of the 
CPU and other system points possible, clearly 
labelling each. Install indicating LED’s (with 
drivers where required) on the outputs and small 
switches where appropriate on the inputs. We 
use the techniques sketched in Fig. 2 to do this 
quite rapidly and effectively. 


Step 3: Study and use the MONITOR 


Resident MONITOR’s that come with pP sys- 
tems like the $99 SC/MP kit (and the $185 Mostek 
F8 Survival Kit, the $350 Intel ADK-80 kit, the $159 
Microcomputer Associates JOLT kit, etc.) perform 
two functions: Their intended use is as firmware 
to let you program and debug small programs 
from your TTY. However, they also provide 
‘‘textbook examples’’ of good programming tech- 
niques on the uP. In the long run, this second, 
unofficial use can be the most important— 
especially for users new to programming. 

The SC/MP “KITBUG” is about the simplest 
program of its type—its 512 bytes make it half the 
size of most competing MONITOR’s. Because of 
its small size, KITBUG can respond to only three 
commands: } 

¢ T, for typing out continous hex dumps of 

memory; 

¢ M, for altering memory locations; and 

¢ G, for executing user programs in RAM. 

Breakpoints are set by software, treating the 
return to MONITOR as a jump-to-subroutine. 

At first we resented working with such a 
minimal set of MONITOR commands. But with 
time, we’ve come to like their simplicity. With 
only these three uncomplicated commands, you 
should never need to refer back to the instruction 
manual. 

We do wish, however, that KITBUG contained a 
set of commands to punch and read formatted 


tapes. Without this capability you cannot save 


programs off-line; to re-enter them you must 
retype them by hand. To get around this limita- 
tion, we developed a short 30-byte program that 
borrows from the KITBUG GECO subroutine (Fig. 
3). It will read TTY tapes into a designated area of 
memory, but it’s a nuisance to load and takes up 
valuable space in our limited 256-byte RAM. 

You can study and learn from the MONITOR 
programs in several ways. One, of course, is just 
to use the commands. However, you really don’t 
absorb much that way. 

A somewhat better approach is to try borrowing 
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the MONITOR subroutines for your own applica- 
tion programs, as we did in Fig. 3. This at least 
makes you stop and determine how to call the 
MONITOR subroutine, as well as how to pass and 
receive data between your programs and these 
borrowed subroutines. To do this, you will need 
the printed assembly listing for the MONITOR 
found in most manuals. 

But the real way to get the meat out of these 
MONITOR’s is to single-cycle or single- 
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(STATUS REGISTER OUTPUTS) 


instruction step right through them, seeing for 
yourself in painful detail exactly what occurs at 
each step of the way. While this method entails 
such tedious chores as looking up the meaning of 
each instruction and checking the machine code 
to make sure you know which addressing mode is 
used, eventually you will completely understand 
how and why the computer responds to the code 
the way it does. Enough variety exists in even a 
simple monitor like KITBUG to show you how to 


+5V REGULATOR = LM340-5 
+12V REGULATOR = LM320-12 


EXTENT OF KIT 


AUXILIARY DATA BUS 


SENSE INPUTS. 


FLAGS SE INPUT! 
: (TO STATUS REGISTER) 







FLAG “0” TO PRINTER 


SENSE “B” FROM. 
KEYBOARD 


ASR 33 TTY 


program a wide variety of functions. 


Step 4: Pick up the phone and ask 


As we launch into each new uP, we often 
quickly find ourselves in a mire of puzzles. After a 
few weeks, a pile of notes on these problems gets 
so high that it’s obviously time to reach for the 


(DOTTED ITEMS NOT PART OF KIT) 


phone and call for help. 


In the case of SC/MP we were lucky, because 
National’s Barney Hordos and Milt Schwartz had 









POWER SUPPLY 


=~ 


are, 


2 EXT. REG. 





. +5V —- —12V 

Fig. 1— The author takes each microcomputer card and 
mounts it on a 24x14-in. plywood breadboard. The one 
shown, the $99 SC/MP kit, is almost acomplete computer, but 
it lacks a full power supply, a connecting interface to a 
terminal (such as the ASR-33 Teletype), a hardware control 
panel and |/O ports. The author spots these missing Compo- 
nents around the board as shown. He then has a “physically 
intact” operating system that can be taken from its storage 
rack and put into operation within minutes. He need only plug 
in the line cord for the board’s power supply, and slip on the 
TTY’s pc-card edge connector. As the author has mounted 
several other pP systems on similarly sized boards, he can 
rapidly switch between uP systems (sharing the TTY) when 
comparing them for a given application. None of these boards 
will have a cost over $500. 
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no trouble in deciphering our confusions and 
suggesting solutions. Further, they invariably 
suggested additional programming tricks that we 
could also put to work immediately. In our 
Opinion such service represents the best kind of 
.P support that any manufacturer can offer. 


Two tricks for getting more out of kits 


On the assumption that you'll have as much 
difficulty discovering some of the SC/MP tricks as 
we did, we’ll pass on a couple. For example, did 
you know you can use the interrupt input to 
extricate SC/MP from any endless loops mistak- 
enly placed in your application program? Of 
course, another escape is to use RESET, but that 
destroys the contents of all the CPU registers. 

To implement this trick, you need a SPDT 
switch at the interrupt input that normally will 
hold the input off. Then you must place two 
instructions to set the interrupt enable bit in the 
Status register at the beginning of your applica- 
tion program—a LDI (load immediate) into the 
accumulator and a CAS (copy accumulator to 
status) will work. Now, if your program hangs up 
in a loop and never reaches the breakpoint you 
put in, just press the switch on the interrupt 
input, and SC/MP will return to the MONITOR. 

The MONITOR automatically loads its own 
return value into PTR-3 when it executes the ‘‘G” 
(GO) command to the application program, 
because the interrupt input forces the XPPC 
(PTR-3) switch to occur, without waiting for the 3F 
code that normally causes the switch. Therefore, 
you can next use the MONITOR to examine 
locations OFF7 and OFF8 where KITBUG saves 
application-program values for PTR-3. This will 
tell you where the SC/MP was when it was lost in 
the loop. Thus, you have an elementary “‘trace’’ 
ability, akin to the large $10k development 
systems. 

The second trick concerns the borrowing of 
KITBUG subroutines. As we mentioned, the 
program in Fig. 3 borrows the 62-byte GECO 
routine, and at the cost of practically no program- 
ming effort on your part, allows you to enter 
programs from either the TTY keyboard or the 
TTY paper-tape reader. 

The main work in writing this program is to set 
up SC/MP’s three pointer registers. We load 
PTR-3 to a point at one less than the starting 
address of GECO. (Because SC/MP’s program 
counter increments just before fetching an in- 
struction, all jumps must be to the location 
preceeding that from which the next instruction is 
to be fetched.) We aim PTR-2 at a free space in 
RAM, in case any of the KITBUG routines that 
expected to use PTR-2 as a stack are involved. 
Finally, we aim PTR-1 at the start of the buffer area 
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Fig. 2—Here’s a quick-and-dirty way to mount control-panel 
switches and associated indicators along the front of a uP 
breadboard. You just place the components in a dab of 
quick-setting epoxy and solder on the leads. You will also 
want to write or type up an identifying label and epoxy that 
down along side or on top of the LED. 


in RAM that we want to hold the entered data. 

Our actual program consists of just a 3- 
instruction loop. The XPPC (PTR-3) instruction 
sends SC/MP to the GECO routine; the ST (PTR-1) 
instruction moves the ASCII character from the 
accumulator (where GECO left it) to the RAM 
buffer area; and the JMP (back to start) completes 
the little loop. 

In operation, the borrowed GECO does all the 
work. It waits for a TTY to be hit, decodes the 
resulting serial transmission from the TTY and 
places the ASCII character so obtained in the 
SC/MP accumulator. Finally, it echoes back the 
serial transmission so that the TTY printer will 
type it. This handy bootstrap loader routine 
would be quite a programming chore for a 
newcomer to SC/MP. Before we leave it, note that 
the ST (store) instruction uses SC/MP’s auto- 
indexing addressing mode, so it will automatically 
step the PTR-1 along to the next location in the 
RAM buffer. If you wish to pack two hex values 
from the keyboard into each RAM location—say 
you are using this to enter SC/MP programs— 
then you can write additional instructions at this 
point. 


Step 5: Write a trial application program 


As soon as possible after you begin working 
with a new pP, you should attempt to write short 
application programs, preferably ones that will 
produce results applicable to your needs. This 
will force you to realistically consider the machine 


in a design context and will sharpen your ability to 3 


evaluate it vs. other pP’s. 

One of the trial application programs that we’ve 
written automates telephone dialing (Fig. 4). It 
turned out to be a good example for the SC/MP 
kit because it needs only a small reed relay and a 
driving transistor for I/O hardware. The relay goes 
in series with one of the pair of telephone wires. 
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Normally closed, this is driven open at the 
required 10-Hz pulse rate by SC/MP to simulate 
the break pulses generated by the spring-driven 
return of the familiar manual rotary dialer. For 
preliminary trials, the SC/MP kit MONITOR can 
be used to permit the TTY to enter the numbers 
into the SC/MP RAM. Later you would probably 
want to devise a less expensive method for 
entering numbers. 

In detail, the operating procedure for the 
system is as follows: 


1. Use the TTY to enter numbers to be dialed 
into the designated RAM-buffer area. Use 
the MONITOR’s ‘‘M’’ command to address 
the memory locations and enter the digits of 
the telephone number. This would not be 
too difficult during the initial trials because 
the ‘‘M’’ command is smart enough to 
ignore leading zeros, and automatically 
steps on to the next memory location, 
following the CR (carriage return) that final- 
izes the entry. 

2. Use the MONITOR ‘‘G”’ command to direct 
the SC/MP to execute the dialing application 
program, after first loading the starting 
address of the dialing program into the 
dialing ‘‘save’’ address for the PC (program 


Fig. 3—Borrowing routines from the .P-supplier’s firmware is 
one way to get software results fast. Here we have a program 
in which the author borrows the SC/MP KITBUG MONITOR’s 
““GECO” routine to enter characters into the SC/MP RAM from 
the TTY keyboard. The author's part of the program is short 
and simple as shown because the borrowed ‘‘GECO” does all 
the work. In the future, this practice of borrowing “canned” 
routines will become as prevalent in the software-design field 
as the use of potted circuit modules is in the hardware-design 
field. 


counter) in RAM. The application program 
then converts the previously entered tele- 
phone number into the proper sequence of 
dialing pulses and, via the driving transistor, 
opens the reed relay switch to send the dial 
command to the telephone system. 


3. After the number has been completely 


dialed—all digits translated into their corre- 
sponding pulses—the program hits a break- 
point that returns SC/MP to the MONITOR 
where it waits for further instructions. 


(In the interests of simplicity, we’ve omitted 
several details that a person wanting to use this 
system would also have to know. For instance, he 
should be aware of how to set up the length of 
the number or digits per number and enter that 
value; otherwise the wP won’t know when it has 
finished dialing all digits. Moreover, if the user 
wants to store several numbers and then select a 
given number, he should know how to enter the 
program and change the starting vector. We leave 
these details as an exercise for the reader.) © 


Too much space is better than not enough 


EDN’s approach to the creation of a new 
program first blocks out or maps the memory. We 
arbitrarily assign various specific locations in 
memory for each of the parts of the software that 
we think we’ll be writing. (This method gives us 
the illusion, at least, that we are organized!) 

Our coding worksheets have 32 lines which 
match up with 32 bytes of RAM. (We don’t restrict 
our instructions to a single line; if they are 2-byte 
instructions, they take two lines.) We tend, 
therefore, to map our memory space into 32-byte 
blocks. Fortunately, these blocks more often than 
not are adequate for our routine elements. 

When we began working on this application, 
we observed that it obviously needed a buffer 
area to hold the numbers to be dialed, so we 
arbitrarily placed that at location OFAO. This left 
us some room to add additional numbers or some 
identifying alphanumerics before we ran into the 
forbidden area of SC/MP’s RAM (location OFEC 
onward is used by the MONITOR). 

We left space open at the very beginning of 
RAM for some of the temporary storage places we 
would need for pulse and digit counters. It’s easy 
to remember the addresses when they’re right at 
the beginning of RAM. The start of the program 
we put at 0F10, assuming that the 32-line work 
sheet starting here would be devoted to initiali- 
zing the SC/MP pointers. Next, we assigned the 
“main line’ of the program to OF30 and the 
pulsing subroutine following that at OF50. Al- 
though these assignments were just guesses, they 
worked out well and left plenty of room to 
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spare—as you can see by the liberal sprinkling of 
NOP’s throughout. Of course, when you are 
hand-assembling an initial ‘‘breadboard’’ pro- 
gram, it is far better to have much wasted space 
like this than to stop in the middle of your effort 
and relocate routines to make space for code that 
has grown too tight for the space originally 
mapped. 


Writing the pulsing subroutine 


We tackled the dial-pulse-generating subrou- 
tine first because if we couldn’t get this working, 
there would be no use in going further. With 
SC/MP, however, this function turned out to be 
duck soup, as you can see in Fig. 4. The 10-Hz 
relay-break signal pulse was programmed within 
an acceptably close tolerance by SET FLAG 1 and 
RESET FLAG 1 operations spaced apart by 0.05-sec 
delays. The DLY instruction is set up with the 
accumulator and second-byte values to produce 
these delays. 

The SET FLAG 1 we accomplished by loading 02 
(hex) into the accumulator and copying that bit 
pattern into the status register. The 02 places a 
binary ONE in FLAG 1's bit position, setting FLAG 
1. Because SC/MP constantly provides a readout 
of its status-register flags on output pins, we 
could use the FLAG 1 condition to directly drive 
the relay. After another 0.05-sec delay, we loaded 
a 00 value into the accumulator and copied it into 
the status register to clear FLAG 1. The entire 
pulsing routine is as simple as that. 

Although this program works, we plan to make 
two changes in it when time permits. First, we 
want to change the break-make ratio from its 
present 50-50 value to 60-40 to better match 
phone-company requirements. Second, we want 
to use ORI (OR immediate) and ANI (AND 
immediate) instructions in setting and resetting 
FLAG 1 to avoid changing any of the other status 
bits in the process. If we do this, though, we will 
first have to load the existing status value into the 
accumulator before performing the ORI and ANI. 

The housekeeping at the end of this subroutine 
uses SC/MP’s DLD (decrement and load) instruc- 
tion to keep count of the number of pulses 
remaining to be output by subsequent traverses 
of the loop. Each pass produces a pulse and, also 
because of the DLD instruction, decrements the 
digit being processed in its temporary storage 
location, OFO0. When this digit decreases to zero, 
the JNZ decision instruction exits the SC/MP from 
the loop and on to the end of the subroutine. 

At the end of the subroutine, a XPPC (PTR-2) 
causes the switch between the PC and PTR-2 that 
effects the return to the main line. The JMP 
following this is necessary because we wish to 
re-enter this program repeatedly during the 
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course of dialing a number. This is an important 
trick because SC/MP has no jump-to-subroutine 
instructions, per se. The JMP is placed here to 
catch the PC at the point that a re-use of PTR-2 
will place it. (Stop and think: What value will the 
final XPPC instruction switch leave in PTR-2? It will 
be that of the PC when it got to the final XPPC.) 
This JMP catches the PC and moves it up to the 


~~ many Kardace: eras S 
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start of the subroutine, just where we want it to 


begin. 


Setting up the pointers 


Having gained confidence that the pulsing 
subroutine would do the job, we set that aside 
and turned our attention to the main program; 
specifically, the initialization at OF10. By now we 
had a pretty good idea what needed to be 
initialized. An obvious strategy in using a wP like 
the SC/MP is to utilize the CPU pointer registers 
for the most important addressing functions; 
while using other means, such as immediate 
addressing or PC-relative addressing, for all other 
tasks. With this approach, you won’t have to 
disturb the contents of the pointers you’ve set up 
during the course of program execution. A good 
reason for trying to keep your SC/MP program 
compact is that then you can reach across it with 
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the machine’s PC-relative mode of addressing, 
which has a span of only —128 to +127. 

For this application, we determined that the 
most important addressing function was pulling 
the digits of the number to be dialed one-by-one 
out of RAM and placing them in location OFOO for 
use by the pulsing subroutine. We decided to use 
PTR-1 for this task, so accordingly we had the 
initialization routine load PTR-1 to point at OFAO, 
the first digit of the number in the buffer. 

With the SC/MP ypP, initialization of the point- 
ers must be accomplished in several steps, unless 
you want them at the zero value to which they are 
set by RESET. (SC/MP is one of the few pP’s 
besides the Intel MCS-4 where the RESET input 
completely zeroes all CPU registers, not just the 
PC.) To initialize the first pointer, you must first 
load the value for one of the bytes into the 
accumulator, then switch it into place in the 


How to select a wP 
The »P-selection worksheet shown illustrates 
how we think a designer should approach the 


wP-selection task. Following the first column 


that lists available wP’s, there are two checklist 
columns. In the first of these, A, the designer 
evaluates his own qualifications for judging 
each pP. “How well do | know the pP?2” the 
designer asks, and he scores himself with an 
arrow that indicates on a scale of 0 to 100 
percent how far he believes he has brought 
himself up to speed on the particular wP. 

The arrows in column A are the author’s 
evaluation of his knowledge of the various P’s 
listed. The 3-mo. familiarization level is equat- 
ed with 60% on the column-A rating scale. 

Column B serves for rating each uP with 

respect to its suitability for the application 
under consideration; in this case, the 
telephone-dialing system. Practically everyone 
with experience in applying wP’s now agrees 
that a fresh evaluation must be made for each 
new application. The ratings represent best 
guesses. The self-ratings alongside column A 
serves to remind all concerned that some of 
these ratings were made with admittedly insuf- 
ficient background. 

Comments column, C, provides a starting 
point for the more general discussions that 
should take place during the selection process. 
Likely top contenders can be singled out; 
obvious misfits can be tentatively eliminated. 
Everything in-between may be tagged with its 
good and bad points. 

In our evaluation for the telephone-dialing 
system, the little 4-bit machines (4004 and 
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pointer register by XPAH or XPAL instruction. You 
complete the operation by similarly loading the 
value for the other byte into the accumulator and 
switching it into place. 

With pointer-1 set up, the initialization routine 
must also ensure that the number of digits of the 
number to be dialed is placed in location OF01, 
since the main-line routine needs this informa- 
tion to know when it has processed the entire 
number. For example, if a 7-digit number plus a 
3-digit area code is to be dialed, the value 10 or 
hex A must be loaded into location 0F01. Because 
this line-data movement did not seem to warrant 
the use of one of SC/MP’s pointer registers, we 
stored it into location OFO1 with PC-relative 
addressing after loading it into the accumulator 
with the usual immediate instruction. 

The final task of the initialization process points 
one of the SC/MP pointers at the pulsing subrou- 


PPS-4) were set aside as having interest only if 
the dialing system was to handle BCD numbers 
exclusively. Since the system must also handle 
alphanumeric characters as well, it was felt that 
a wider word width would prove desirable. 

The one-chip machines (such as the TMS 
1000) were ruled out for the prototype system 
because they really only make economic sense 
when their programs are masked onto the 
single chip, and no need for extensive RAM 
exists. But we noted that they could become of 
interest in the future if high-volume markets 
developed for the dialer. 

The 8-bit machines appeared best for the 
initial product, and among these machines the 
SC/MP, F8 and 650X were singled-out as the 
top choices. These choices were obviously 
biased by the author’s familiarity with these 
w.P’s, as a Scan down column A indicates. The 
8080 was considered a strong runner-up, 
because of its many second sources. (In many 
real-life situations, the 8080 wins out since top 
management vetoes the designer’s preferred 
choices because they lack the second sourcing 
of the 8080.) The 6800 was ruled out because it 
is very similar to the 650X but requires more 


auxiliary components. 


The Z-80 would at first appear as overkill for 
a simple telephone-dialing application. Yet, 
the Z-80 has some bit-handling abilities that 
might allow it to handle serial I/O quite 
efficiently. Its block-search superinstructions 
would be most efficient for looking up tele- 
phone numbers on the basis of party names. 
The Z-80’s final rating for this application 
would depend on how fast and how far its 
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tine (location OF50). It must be ready for when the 
XPPC instruction calls the subroutine. Ordinarily 
we would have followed National’s programming 
convention for SC/MP and used PTR-3 for this. 
However, in this case we knew that KITBIG uses 
PTR-3 for its return, so we did not want to disturb 
that if possible. Therefore, since we weren't using 
PTR-2 to implement a stack in this application—at 
least at this stage of program development—we 
assigned PTR-2 the function of holding the 
subroutine’s address. Accordingly, we loaded it 
up with OF50, the subroutine’s starting address. 
A string of NOP’s (no operation) all the way to 
the beginning of the next ‘‘main-line’’ routine at 
location 0F30 finishes off the initialization routine. 
While NOP’s may not be as elegant as putting ina 
single PC-relative JMP to the next routine, a string 
of them takes very little time to enter because all 
you need do is alternately hit the ‘‘8’’ key and the 


price comes down in the immediate future. 

The three CMOS machines—the RCA 1800, 
Intersil IM1600 and the CMOS version of the 
Fairchild Macrologic—were put aside in a 
special group. They might just be what is 
needed if early market trials show part of the 
market demands battery-operated systems that 
could keep going despite power-line failures 
(the police and fire-department markets, for 
example). Possibly, small systems using these 
machines could operate directly off 
telephone-line power, or be carried about by 
salesmen in their brief cases. 

With three exceptions, all the 16-bit MOS 
machines and all the bipolar-slice machines 
were ruled out as overkill for this application. 
The exceptions were the I?L SBP0400 and TMS 
9900 from Texas Instruments and the PACE 
from National Semiconductor. 

The I?L machine was the ‘darkest horse,” 
because the author had least direct familiarity 
with it or any machine like it. However, several 
of its claimed features were of interest: the 
ability to operate from very low voltage sup- 
plies (0.85V); the way it could be throttled back 
to very low power-consumption levels; and 
the technical feasibility of incorporating husky 
bipolar drive transistors on the same chip. 

The TMS 9900 has two provocative features: 
built-in serial I/O ports like the SC/MP and a 
multiprocessing architecture. The latter feature 
might prove ideal for implementing a central- 
ized dialing system that would serve all the 
phones in an office. Just think! Such a system 
could have a whole directory on disc for 
real-time instant use by everyone. 


“CR” key on the TTY. Further, NOP’s make it easy 
to patch in any instructions you might have 
forgotten, or to add any breakpoints or FLAG 
signals that occur to you later. 


Main-line routine marches the digits in 


The ‘‘main-line’’ routine moves the digits to be 
dialed in from the buffer one-by-one and calls the 
pulsing subroutine to process them. Having 
already set up PTR-1 to point at the first digit of 
the number to be dialed in the buffer during the 
initialization, we now can issue a LD (load) 
command using PIR-1 as the pointer. Using 
SC/MP’s auto-indexing mode here seemed ap- 
propriate because we want the PTR-1 to point at 
the following digit the next time we use this 
instruction. The LD will thus bring the digit into 
the accumulator and then we can use a PC- 
relative ST (store) to send it to location OFOO 





The PACE is SC/MP’s ‘‘big brother,’ having 
all of SC/MP’s features plus others. Two PACE 
features possibly pertinent to the telephone- 
dialing application are PACE’s ability to pack 
and manipulate four BCD numbers in its 16-bit 
word, and its fully implemented 5-level inter- 
rupt system. However, while National is cur- 
rently readying the n-channel version of SC/ 
MP, the n-channel version of PACE Is not 
scheduled until some time next year. The 
present PMOS PACE does not really suit 
low-cost systems; it needs too many power 
supplies and outboard drivers for the busses. 
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where the pulsing subroutine expects to find it. 

But in setting up the auto-indexing LD to get 
the digit into the accumulator, we made one of 
those stupid mistakes common to computer 
programmers: We left the second byte of the LD 
instruction (at location OF31) zero, assuming that 
this was for a displacement as in some of the 
other modes of SC/MP addressing that we'd used. 
When checking out the program, we could not 
understand why no auto-indexing (or auto- 
incrementing, to be more precise) wasn’t taking 
place. 

Upon re-checking the SC/MP instruction man- 
ual, we discovered that this second byte deter- 
mines the amount by which the pointer auto- 
indexes. Thus, National provides a surprisingly 
powerful SC/MP instruction here. It allows you to 
auto-index the designated pointer forward or 
backward by amounts ranging all the way from 
—128 to +127. Knowing this, we put the 01 value 
in the second byte of the LD at location 0F31 and 
got the auto-incrementing we wanted. 

As soon as this ‘‘main-line’’ routine gets the 
digit from the buffer and places it in location OFOO, 
it calls the pulsing subroutine with the XPPC 
(PTR-2) instruction. In turn, this causes PTR-2 to 
be swapped with the PC and sends SC/MP to the 
pulsing subroutine. This, then, serves as an 
example of how SC/MP achieves subroutining 
despite its having no jump-to-subroutine instruc- 
tions. 

When SC/MP returns from the excursion to the 
pulsing subroutine, it must perform a maximum 
delay for the main-line program. The largest 
possible values—FF—are in the accumulator and 
in the second byte of the DLY, giving a pause of 
about 0.26 sec. We use this to simulate the pause 
between dial rotations, and have made no 
attempt to optimize the delay length. 

The final instructions in the ‘‘main-line’’ pro- 
gram do the housekeeping that tells SC/MP 
whether all the digits have been processed. The 
same DLD (decrement and load) instruction used 
in the pulsing subroutine performs this task. 
However, in the ‘‘main-line’’ program the count is 
maintained in location OF01, not OFOO. (Recall that 
location OFO1 is set up during the initialization to 
indicate how many digits are in the number to be 
dialed.) 

Another main-line difference, compared to the 
pulsing-subroutine loop’s housekeeping, is that 
we use the opposite-logic decision, JZ (jump-if- 
zero), rather than the JNZ (jump-if-not zero). This 
JZ permits the SC/MP to keep going down to the 
JMP at line 0F43 for another loop repeat until the 
digit count in OFO1 decrements to zero. JZ then 
sends the program past the JMP to the break- 
point instruction, XPPC (PTR-3) at location OF48. 


Article evaluation: Please circle one on R.S. card. 
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In turn that sends SC/MP back to the MONITOR, 
signifying that the number has been dialed. 


How does the SC/MP compare to other P’s? 


EDN strongly advises against forming any 
conclusions about the relative merits of a particu- 
lar wP vs. other machines until you have fully 
familiarized yourself with the operation of each 
model in question. In many cases, our hands-on 
experimentation with a wP revealed it to have 
significant advantages in certain situations. That 
is, NO one wP seems to fit all applications: Every 
wP has its faults and virtues. 

For us, a wP like the 6502 has a strong appeal 
because it fits so closely to our long-term concept 
of what a classic SP/GP/DC (stored-program, 
general-purpose, digital-computer) should look 
like. Yet, machines like the F8 and SC/MP prove 
better suited for certain specialized end applica- 
tions. The F8’s strength is the way it sports four 
8-bit, bus-oriented, I/O ports in just a 2-chip 
system. The F8 also augments this strength with 
sophisticated built-in interrupt-driving timers, 
daisy-chainable external interrupts and _ tightly 
coupled DMA expansion. 

The SC/MP also excels in I/O, but I/O of a quite 
different nature. SC/MP’s I/O consists of slow 
serial paths, more suited to slow or moderate- 
speed industrial control. When it comes to 
CPU-hardware controllability, SC/MP definitely 
outperforms the F8 and most other pP’s. Our 
experience with the SC/MP breadboard revealed 
the ease of connecting switches and indicating 
LED’s to SC/MP CPU pins to manually control the 
chip and discover what it is doing. 

Further, we feel that SC/MP would be an 
exceptionally easy machine to add to an existing 
system of TTL parts and electromechanical ele- 
ments. True, some of the other pP’s might result 
in a superior system, but only if the total system 
were re-designed from scratch to take advantage 
of them. Finally, the SC/MP seems to have more 
‘‘handles’’ for the designer to get at than any 


other pP.o : 
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with the low forward high voltage rectifiers are 


voltage drop and fast priced competitively 
recovery time you get with the less efficient 
with Schottky’s in 5 V sup- high voltage types. 
plies, you ought to take a For complete specs plus 
look at our line of 50-100- an application note on the 
IS50V industrial rectifiers. benefits of speed and low 
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Fifteen Years ago, we introduced the 
first stefsper. SLO-SYN.® But in a real 
sense, tie stepping motor has been 
waiting for today’s technology to match 
circuifry with motor capability. 
Conyerting electronic input into 
mechianical output. 


For Starters. From 0 to 2,000 steps per 
second in 4 msec with our M060 series 
(up to 150 0z-in of static torque). 


Pay 


Mid-range. From rest, 12 steps in 

12 msec, damped; or 12 steps in 

15 msec start — stop — damped, with 
100 oz-in of frictional load and 

1.2 lb-in’ inertia. 


High Performance. At 10,000 steps/sec 
(3,000 rpm), output torque of 525 0z-in, 
shaft power 1,165 watts (1.65 hp). 


Stepping just came of age. 


Microprocessor/ 
Minicomputer 





Distance 
Direction Speed 


Translator Stepping Motor 


DC Power Supply 





we'll interface to motor. 3) Or we can 


do it all. 


Whatever the manufacturing move, 
see the company that’s in the best 


position to help. Write The Superior 
Electric Company, Bristol, CT 06010. 
Or call us direct (203) 582-9561. 


Preset Indexer 


The stepper’s logical companion is the 
Slo-Syn translator or preset indexer. 
The power for moving loads, control- 
ling distance, speed, direction. Velocity 
control means motion/time efficiency 
for a wide range of inertial loads. 


A step ahead 
in positioning. 


Drives interface with microprocessors 
and minicomputers. Design modularity 
prevents over-design. You control the 


options: 1) Modular or packaged drives. 





2) If you want to provide the logic, 


Superior Electric 


For more information, Circle No. 53 
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THESE LOW-COST CASSETTE PROGRAM LOADERS 


DELIVER TOP PERFORMANCE FOR YOUR 
MICROPROCESSOR BASED SYSTEMS. 


All tour of these program 
loaders use EPI's patented 
Speed Tolerant Recording 
(STR®) technique to give you 
bit error rates of less than 

1 soft error in 10’ bits and less 
than | hard error in 108 bits. 
With STR, you get high 
data reliability in read and 
write modes while using a 
relatively low-cost recorder 


and inexpensive tape 
cassettes. 

Interfacing is similar to 
most paper-tape reader/ 
punch units now in use. And 
with better data reliability, 
faster loading, more stor- 
age, lower price, and brief- 
case or rack mounting, EPI 
cassette program loaders 
make sense for both the 


Custom designs, like this STR-110T 


for the Texas Instruments STI Programmable 


end user and OEM. 

For more information on 
these low-cost alternatives 
to paper tape loading, 
contact Electronic Processors 
Inc., 1265 West Dartmouth 
Ave., Englewood, Colorado 
80110. Phone (303) 761-8540. 


be i ELECTRONIC PROCESSORS 
aged INCORPORATED 





Control System, can handle your special loader needs. 


You can get an intelligent loader... 


automatic verification in both read and write modes... 


8-bit parallel loading at standard 
TTL levels and at transfer rates to 125 
characters per second is provided 
by the STR-210. Its high speed 
and storage capacity of 100,000 
characters on a 300-foot cassette 
makes it ideal for memory dumps as 
well as program loading. Priced 

at just $700. 


remote control. Tell us what you need. 
Chances are an EPISTR loader 
can handle it. 






OEM systems recorder, the STR-100, is a complete 
tape-drive unit that provides full remote signal 
or character control of all transport functions. It includes 
read-write electronics, control and timing logic, 
and motor-control logic. All you need to supply is a 


8-bit serial loading with switch- 
selectable rates to 1,200 baud are 
provided by the STR-LINK. The trans- 
mission mode (half or full duplex) 
is also switch selectable for maxi- 
mum flexibility. Data capacity is 
100,000 characters on a 300-foot 
cassette. Priced at $1,190. 






mounting location, power supply, and an interface with 


the controlling I/O device and you have a reliable 
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unit for program storage and retrieval. 
For more information, Circle No. 54 
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Is there a “best” approach when 
implementing a computer system? 


Computer systems must frequently meet an end user’s particular 
needs. But system and/or component selection is not a simple process. 


John Mucci, Digital Equipment Corp. 


Putting a computer system together implies no 
single, all-encompassing approach to the prob- 
lem. If one existed, natural selection would 
eliminate all alternative methods. Still, persons or 
organizations have essentially three viable choic- 
es: They can design the system from the ground 
up; purchase a turn-key configuration from a 
manufacturer or systems-house; or modify an 
existing design. Each solution has both strengths 
and weaknesses and favors a different type of 
potential user. 


Take a slab of silicon, draft some masks... 

Design ‘‘from the ground up” (Fig. 1) is, in one 
sense, the least expensive way to configure a 
system. Primary costs include only the physical 
hardware and a minimum amount of software 
(the lowest cost cases involve only assembly and 
edit-routine expenses). Since the user develops 
all the interfacing, application software, and 
support functions, such a system most closely 
integrates with the final application. Furthermore, 
a user primarily involved in instrumentation 
design generally has a deep understanding of the 
process to be computerized: He intuitively realiz- 
es the full implications of any specifications 
quoted, as well as pitfalls to watch out for. 

Thus with his intimate knowledge of the 
application, the user can develop a system with 
expansion capabilities and know how to add them 
to existing designs. In computer systems devel- 
oped in assembly or machine language, this 
reduces internal-memory requirements to an 
absolute minimum. 


But problems do exist! 
Although this ‘‘basic’’ type of design features 
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Fig. 1—“‘Built-from-scratch” systems, designed around a basic 
minicomputer, cost least in terrns of immediate hardware 
investments and find great use in unique application situa- 
tions. Unfortunately, development of software and interfacing 
often raises the real costs of such a system. 


many advantages, drawbacks do exist. For exam- 
ple, the designer must assume full system re- 
sponsibility; i.e., all documentation, training, and 
maintenance. No manufacturer can (or can afford 
to) guarantee the operation of acomputer system 


as a system if built by another party—unless, of 
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course, the user contracts with a manufacturer to 
assume that responsibility. But this approach 
could cost orders-of-magnitude more than a 
custom-designed system! 

Developing and maintaining a system can also 
take substantial time. The designer must be 
conversant with both the hardware of the applica- 
tion and of the computer. Then he must deter- 
mine which computer-equipment compo- 
nents—storage devices, interfaces, visual dis- 
plays—to choose. If the same company does not 
manufacture the peripherals as well as the central 
processing unit, the designer must even check for 
correct connections. He thus, in effect, becomes 
the manufacturer of the system. 


And there’s a soft spot here, too! 


System software also becomes a responsibility 
of the designer, and this requires expert pro- 
gramming. Development time for software delays 
use of the system and costs money—particularly if 
working in low-level languages becomes neces- 
sary. Full software development can range from 
many man-months to over a man-year of effort! 

Though users can rent time on an equivalent 
computer to develop software while awaiting 
delivery of the hardware, this approach costs 
additional money and assumes that the design is 
fairly firm from a hardware standpoint. 

‘‘From-the-ground-up”’ software development 
thus proves most practical in situations of ex- 
tremely limited equipment budgets; in variable- 
workload cases with ‘‘famine’’ periods normal to 
the job; or when programming labor is obtaina- 
ble at very low cost. These conditions often occur 
at colleges and universities. 

Much can be said for this method of system 
design, particularly where the economics of the 
situation permit. But the designer must thorough- 
ly document hardware and software features of 
the system. In more than one case a system is 
configured, programmed, debugged, and modi- 
fied by a single individual who keeps ‘‘mental 
files.”” Should that person leave for some reason, 
any system malfunction turns into a full-fledged 
disaster. 


On your left, the turn-key farm 


A turn-key system (TKS) (Fig. 2) represents the 
“complete’’ solution for many users. Merely 
turning the computer ON and doing the equiva- 
lent of hitting a ‘‘start’’ button activates the 
system. These systems come as standard packag- 
es from manufacturers or system houses. Fre- 
quently preferred by not especially computer- 
Oriented types, a complete turn-key configura- 
tion requires little programming knowledge on 


the user’s part. However, the manufacturer must. 


106 








take full responsibility for its operation, including 
training of operators, documentation, hardware- 
software integration, and system maintenance. 
Thus, the owner of a turn-key system need only 
note whether the system is running; in the case of 
a malfunction, a specialist is called. 


7 
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Fig. 2—Can you find the CPU in this picture? Probably not! 
Turn-key systems, such as the one shown here, keep the 
operator almost totally away from the ‘‘nuts-and-bolts”’ side of 
data processing. 


This road also has potholes! 


Unfortunately, letting the manufacturer ‘do 
the dirty work’”’ makes a TKS the most expensive 
approach for customers in terms of initial costs. 
Other significant disadvantages exist for several 
classes of user. One major drawback depends on 
whether the system is ‘‘customized” or “‘off the 
shelf.’”’ 

For many applications, a computer system 
should be able to evolve significantly to provide 
for growing needs. This is particularly true in 
areas involving computer control of instruments 
Or processes. 

Customized turn-key systems frequently lack 
this growth potential. Usually, the operator can 
specify only what he requires to solve the 
immediate problem. The specialty manufacturer 
develops the system to customer specifications 
and may thus be less able than the user to predict 
the direction of potential system growth. In fact, 
the user himself frequently cannot predict the 
way the system will grow. Such predictions aren’t 
undesirable; rather, the computer system itself 
frequently affects the direction of growth. The 
system’s features often suggest new applications 
or methodologies to the user once he becomes 
familiar with its capabilities and flexibility. But 
since adding new capabilities would increase 
system cost dramatically, a TKS designed ‘‘to 
specs’’ generally will do exactly what the user 
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requested, and no more. 

On the other hand, the ‘‘off-the-shelf’’ turn-key 
system usually has a little more flexibility than the 
custom-designed variety, though not much. Gen- 
erally, this TKS is designed for a very specific 
function, and expansion may be limited to items 
like more terminals, increased memory capacity, 
or more bulk-storage peripherals. 

Such “growth” frequently means just “more of 
the same ’’—useful to a certain extent, but hardly 
adding new system capabilities. This expansion 
should tend toward a direction the manufacturer 
deems best, even if at sharp variance with what 
the user desires. But expansion may make the job 
harder—as when a new monitor must go “‘on- 
line’’ to accommodate additional memory. Such 
restrictions can limit growth and evolution of 
systems extensively. 






Fig. 3—Modified or modularly constructed systems, like this 
PDP-11 laboratory unit, make generalized approaches ‘‘fine- 
tunable’ for specific applications. Since the manufacturers 
support both hardware and general software, this approach 
proves ‘‘optimum”’ for many users. Costs for a modular system 
fall between full turn-key and ‘‘from-scratch’’ approaches. 


The “pipe wrench on the tilt valve’ approach 


A third approach to system design permits 
modification of an existing system (Fig. 3) to meet 
specific needs. Even this technique offers a range 
of options. 

One, similar to the ‘‘from-scratch”’ technique, 
is to check with colleagues in related or similar 
disciplines to determine whether they have 
computer systems performing operations equiva- 


lent to those desired. A cancer researcher, for 
example, might wish to develop a computer 
system to automatically scan microphotographs 
of cell nuclei for abnormalities. If such a 
computer system does not already exist, the 
researcher could check such diverse fields as 
photomapping and high-energy nuclear physics. 
Both have computer systems with pattern scan- 
ning and recognition capabilities. Thus both from 
an engineering viewpoint and for programming 
time, to adapt such methods for cell scanning 
rather than start from the beginning is the best 
procedure. 

This approach requires active cooperation by 
all parties; particularly those who developed the 
initial unmodified design. In some cases, the 
original developers invested many man-months 
or man-years of effort in their design and might 
not care to part with their work. If an agreement 
can be reached, the recipients should obtain 
sufficient information to avoid troubling the 
original designer for additional guidance—it’s 
one thing to share design knowledge and quite 
another to be asked to troubleshoot somebody 
else’s system! 


Again, it’s the designer’s problem 

As with a pure from-the-ground-up system, the 
entire support function of the system’s operation 
‘as a system”’ falls to the ‘‘designer’’ (in this case, 
the ‘‘adapter’’). The adaptive designer can side- 
step pitfalls that plagued the original designer if 
the unadapted computer was thoroughly de- 
bugged. The original designer may even supply 
the ‘adapter’ with some troubleshooting hints. 
But as with the from-the-ground-up design, 
the system should be documented thoroughly so 
that necessary information in case of malfunction 
is immediately available to the adapter. 

The other option is to purchase a ‘‘generalized’’ 
system adaptable to a specific application. Such 
systems more closely resemble turn-key systems 
than from-the-ground-up systems. Organized 
modularly, both in terms of hardware and soft- 
ware, a generalized type will frequently have 
some sort of executive (operating system) and 
some form of high-level language. 

In the laboratory environment, for example, 
many problems in diverse fields are quite similar. 
Data from an instrument over a period of time 
must be collected, summed, and compared with 
other data already in the system’s files. This could 
include data for nuclear magnetic-resonance 
(NMR) spectra in a chemical laboratory or evoked 
potential data in a life-sciences experiment. Either 
case uses a technique known as signal averaging. 
A computer system with a general signal- 
averaging program and provision for appropriate 


107 


interfaces could be ‘‘customized’’ for either 
application rather easily. A number of ‘‘general- 
ized’’ computer systems for laboratories are 
available. 


A system with more good than bad? 


The adaptable computer system offers many 
advantages to the potential user. Chief among 
them is a basic system guaranteed to perform ‘as 
a system,” including both hardware and a signifi- 
cant portion of the software. While the manufac- 


all these turer won’t support individual user-developed 
software elements, he will support his own 

MOSTEK vie 4096 software. Similarly, manufacturers can supply 
maintenance, training, and the like—except, 

memory packages again, for small special elements. 

Because of its generalized nature, the system 
can also expand with little or no effort. 

The ‘‘generalized’’ system, then, is a compro- 
mise between the totally individual system (the 
build-from-scratch variety) and the turn-key sys- 
tem. From a standpoint of initial investment costs, 
it falls somewhere in the middle—significantly 
more expensive than a ‘‘bare-bones’’ central 
processor, significantly less expensive than a 
full-blown turn-key system. For many users, this 
compromise proves the optimum solution. 

Which of these three system approaches is 
right for you? Weigh all factors to determine the 


technique that best suits your budget and availa- 
ble resources. O 








Author’s biography 

John Mucci, shown here § 
playing ‘Lunar Lander’ 
from a computer’s eye 
view, is Maxi Systems’ 
Marketing Manager for 
Digital Equipment Corp.'s 
Lab Data Products Div. in 
Marlboro, MA. John ob- 
tained his BA in physics 
from Penn. State Univ., §  _—=—_—._ i rel 
his MS from Carnegie Institute of Technology and 
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LAMBDA ANNOUNCES 
New Series of low cost, 
J-year guaranteed power supplies 


for O.E.M., industrial 
and military application | ee 





Used with or without cover, 
depending on application 
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LN series low-co: 
for O.E.M., industrial ai 


3 Package Sizes, 21 Models 
up to 28 volts 
up to 10 amps 


Dual Input 
105-127 VAC, 47-440 Hz, 
210-254 VAC, 47-440 Hz 


Regulation 
line and load — 0.1% 


Ripple and Noise 
1.5mV rms, 5mV pk-pk 


Designed to Meet 

Mil Environmental Spec. 
MIL-STD-810B 
MIL-E-5272C 


Fungus Proof 

MIL-V-173 varnish applied 
to render all nutrients 
fungus Inert 






New Monolithic OV LNS-Y-5-OV 
overvoltage protection standard 5V @ 6A 
on 5V models — available as $115 

an option on other models 


... and guaranteed 


t power supplies 
d military applications 





Designed for Listing in 
UL Recognized Component 
Index 


Designed to Meet 
VDE Specs. 


Isolation Resistance 
10 Meg ohms 


Isolation Voltage 
input to output — 4000V 


Thermally Engineered 
Ventilation Holes 


Convection Cooled 
no external heatsinks or 
blowers necessary 


Mounting 
3 positions 
3 surfaces 


Shipped Complete with Cover 
can be used with and 

without Cover, depending 

on your application 





. 
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5 years because... 








Lambda designs and build 
with these components ant 





A LAMBDA - 


LAS-1100 
monolithic voltage regulator 


A, LAMBDA 

PMD-10K, 12K Series 

200°C Darlington Transistor 
series pass transistors 


A, LAMBDA 

MIL-T-27C 

Grade 6 Transformer 

layer-wound with electrostatic shield 


A, LAMBDA 


New Monolithic Full Wave 
Center-tap Rectifier 
PMR-27, PMR-31 


A. LAMBDA 
CC4®* Printed Circuit Board 





A LAMBDA 


Heavy Duty 1/8 inch Thick 
Aluminum Sheet Metal 
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New Monolithic Overvoltage 
Protector L-6-OV 





A LAMBDA 


Perforated 1/8 inch 
Thick Steel Cover 


*Licensee of Photocircuits Inc. 
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LN series power suppl 
construction features... 


| 
| 


ter grade hermetically 
tor 


o 
2 
0 
2 rm 
O 
Eos 
258 
ic. oO 
ODO 
Cae 
> 
Q 2s 
S55 
Oog 
®C oO 
Keke 
ie 
of ® 
an 


tors 


IC Capaci 


Sprague 601D, 672D 
high temperature, long life 


electrolyt 


istors 


MIL-R-22684 
type film res 


-26 
ire 


R 


MIL 


type w 


istors 


wound res 


ire 


16878 Wi 


W- 


MIL 


ter 


iome 


Potent 


fully enclosed cermet 


W” 
Shen 
oO 
shel 
O 
YS 

Se 

®oO 

oO 

Os 

£5. 

—— 

1 O 

=~ I 

> = 

5 2 

q@ 2 

rc 





resets when overtemperature 


condition is eliminated 


S$ — ——_ Thermostat - automatically 








VOLTAGE AND CURRENT RATINGS 























5 VOLTS + 5% ADJ SINGLE OUTPUT | 
REGULATION ~~ RIPPLE MAX CURRENT! AMPS AT PKG  DIMENSIONS2 

MODEL (LINE OR LOAD) (RMS) 40°C 50°C 60°C 71°C _ SIZE (INCHES) PRICE 
LNS-Z-5-OV 0.15% 1.5 3.0 2.7 22 1.7 Z 4-7/8 x 4 x 1-3/4 $ 80 
LNS-Y-5-OV 0.1% 1.5 6.0 5.1 4.2 3.1 Y 5-5/8 x 4-7/8 x 2-5/8 115 
LNS-X-5-OV 0.1% 1.5 10.0 8.9 7.3 5.3 x 7 x 4-7/8 x 2-7/8 140 
6 VOLTS + 5% ADJ 
LNS-Z-6 0.15% 1.5 2.5 29 1.9 1.4 Z 4-7/8 x 4 x 1-3/4 $ 75 / 
LNS-Y-6 0.1% 1.5 5.6 4.9 4.0 2.9 Y 5-5/8 x 4-7/8 x 2-5/8 110 
LNS-X-6 0.1% 1.5 9.5 8.4 7.1 5.0 x 7 x 4-7/8 x 2-7/8 130 ' 
12 VOLTS +5% ADJ 
LNS-Z-12 0.15% 1.5 17 1.6 1.5 1.3 Z 4-7/8 x 4x 1-3/4 $ 75 
LNS-Y-12 0.1% 1.5 4.0 3.5 2.9 22 Y 5-5/8 x 4-7/8 x 2-5/8 110 
LNS-X-12 0.1% 1.5 6.5 5.5 45 3.3 x 7 x 4-7/8 x 2-7/8 130 
15 VOLTS + 5% ADJ 
LNS-Z-15 0.15% 1.5 1.4 13 1.2 1.0 Z 4-7/8 x 4 x 1-3/4 $ 75 
LNS-Y-15 0.1% 1.5 3A 3.1 2.6 2.0 Y 5-5/8 x 4-7/8 x 2-5/8 110 
LNS-X-15 0.1% 1.5 5.5 4.8 3.9 2.8 * 7 x 4-7/8 x 2-7/8 130 
20 VOLTS + 5% ADJ 
LNS-Z-20 0.15% 1.5 1.0 0.85 0.65 0.45 Z 4-7/8 x4 x 1-3/4 $ 75 
LNS-Y-20 0.1% 1.5 2.7 2.5 2.0 1.3 Y 5-5/8 x 4-7/8 x 2-5/8 110 
LNS-X-20 0.1% 1.5 4.4 3.6 2.6 1.6 x 7 x 4-7/8 x 2-7/8 130 
24 VOLTS + 5% ADJ 
LNS-Z-24 0.15% 1.5 0.9 0.75 0.6 0.4 Z 4-7/8 x 4 x 1-3/4 $ 75 
LNS-Y-24 0.1% 1.5 2.3 2.1 iy 1.1 Y 5-5/8 x 4-7/8 x 2-5/8 110 
LNS-X-24 0.1% 1.5 3.8 3.2 2.4 1.4 x 7 x 4-7/8 x 2-7/8 130 
28 VOLTS + 5% ADJ 
LNS-Z-28 0.15% 1.5 0.8 0.65 0.5 0.35 Z 4-7/8 x 4x 1-3/4 $ 75 
LNS-Y-28 0.1% 1.5 2.0 1.8 1.5 1.0 Y 5-5/8 x 4-7/8 x 2-5/8 110 
LNS-X-28 0.1% 1.5 3.4 2.9 2.2 1.2 x 7 x 4-7/8 x 2-7/8 130 
Note: 1: Derate current 10% when using cover for LN-Z and LN-Y models 2: Dimensions include cover 


Derate current 15% when using cover for LN-X models 


OVERVOLTAGE PROTECTORS 


NOM 
SUPPLY TRIP POINT PRICE PRICE 
VOLTAGE VOLTAGEA 6 AMP QTY QTY QTY aTY 12 AMP QTY QTY OTY aTY 
(VOLTS) (VOLTS) MODELS 1 100 250 1000 MODELS 1_ 100 250 1000 

5 6.6+.2(6.8+.2)2 L6éOov-5 $5 $4 $3.75 $3.40 1-12-0V-5 $10 $8 $7.50 $6.80 

6 7.34.2 L-6-OV-6 5 4 3.75 3.40 L-12-0V-6 10 8 7.50 6.80 

12 13.744 L6-OV-12 5 4 3.75 340 L-120V-12 10 8 7.50 6.80 

15 17.0+.5 L-6OV-15 5 4 3.75 3.40 L-12-0V-15 10 8 7.50 6.80 

20 22.8+.7 L-6-OV-20 5 4 3.75 340 L-12-0V-20 10 8 7.50 6.80 

24 27.8 + .8 L-6-OV-24 5 4 3.75 340 L-120V-24 10 8 7.50 6.80 

28 31.9+1.0 L-12-OV-28 10 8 7.50 6.80 

30 33.5 + 1.0 L-12-OV-30 10 8 7.50 6.80 | 

NOM , 
SUPPLY TRIP POINT PRICE PRICE 
VOLTAGE VOLTAGEA 20 AMP OTY QTY QTY QTY £35AMP QTY QTY oaTY arty 
{VOLTS) (VOLTS) MODELS 1100250 = 1000 = MODELS 1100250 _—'1000 

5 6.6 + .2 L-20-OV-5 $14 $11.20 $10.50 $9.50 L-35-OV-5 $18 $14.40 $13.60 $12.30 

6 7.34.2 L-20-OV-6 14 11.20 10.550 9.50 L-35-OV-6 18 1440 13.60 12.30 

12 13.744 L-20-OV-12 14 11.20 10.550 9.50 L-35-OV-12 18 1440 13.60 12.30 

15 17.0+.5 L-20-OV-15 14 11.20 10.50 9.50 

20 22.8+.7 L-20-OV-20 14 11.20 10.50 9.50 

24 27.3 + 8 L-20-OV-24 14 11.20 10.50 9.50 

28 31.9+1.0 L-20-OV-28 14 11.20 10.50 9.50 





A VOLTAGE TOLERANCE MAINTAINED OVER 0-71°C DUE TO POWER DESIGN BEOR L-6-OV-5 ONLY 
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SPECIFICATIONS OF LN SERIES 


IC Output 
oltage range shown in tables 
Lepiated Voltage 
egulation, line ..... 0.1% (0.15% for LNS-Z) 
egulation, load ..... 0.1% (0.15% for LNS-Z) 


‘ipple and noise..... 1.5mv RMS, 5mV_ pk-pk with 
| either positive or negative termi- 
nal grounded. 


remperature 

coefficient ....... 0.03% /°C 

remote programming 

resistance ........ 200 ohms per volt nominal 
remote programming 

voltage.......... volt per volt 

AC Input 

VVC. gs yw act tee Re eS 105-127 VAC, 210-254 VAC 


| (by transformer tap change) 

47-440 Hz. Consult factory for 

| ~ operation at frequencies other 
than 57-63 Hz. 

30%-5V and 6V models, 42% 

12V and 15V models, 49%-20V, 

24V and 28V models. 





Ambient Operating Temperature Range 
Continuous duty from O° to +71°C with corresponding 


| load current ratings for all modes of operation. 


‘Storage Temperature Range 
/_—55°C to 85°C 


| Overload Protection 
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Electrical 
External overload protection, automatic electronic 


current limiting circuit limits the output current to a 
oreset value, thereby providing protection for the load as 
well as the power supply. | 


Thermai 
Thermostat — automatically reset when overtemperature 


condition is eliminated. 


Overshoot 
No overshoot on turn-on, turn-off or power failure. 


Overvoltage Protection 
Overvoltage protection module crowbars output when 
trip level is exceeded — standard on all 5V models. For 


other models see accessories. 


Input and Output Connections 
Heavy-duty screw terminals on printed circuit board. 


DC Output Controls 
Simple screwdriver adjustment over the entire voltage 


range. 


Remote Sensing 
Provision is made for made for remote sensing to 


eliminate effect of power output load resistance on DC 
regulation. 


Mounting 
Three mounting surfaces, three mounting position. 


Convection Cooled 
No external heat sinking or forced air required. 


Transformer 
MIL-T-27C, Grade 6; Electrostatic shield; 4000 VAC 


input/output isolation. 


LN-Zand YSERIES  !. | 
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Isolation Rating 
Minimum 10 meg-ohm isolation from DC to ground at 


1000 VAC. 


Fungus Proofing 
All fungus nutrient components are rendered fungi inert 
with MIL-V-173 varnish. 


Physical Data 


Package Weight Size 
Model Lbs. Net Lbs. Ship Inches 
LN-Z 3 3-1/4 4-7/8 x 4 x 1-3/4 


(with cover) 
4-7/8x4x 1-5/8 
(without cover) 


LN-Y 5 5-1/2 5-5/8 x 4-7/8 x 2-5/8 
(with cover) 
5-5/8 x 4-7/8 x 2-1/2 
(without cover) 
LN-X 7-3/4 8-1/4 7 x 4-7/8 x 2-7/8 
(with cover) 
7 x 4-7/8 x 2-3/4 
(without cover) 
Finish 
Gray, Fed. Std. 595 No. 26081. 
UL/VDE 


Designed for listing in UL Recognized Components 
Index. 
Designed for listing in VDE Index. 


Guaranteed for 5 Years 

5-year guarantee includes labor as well as parts. 
Guarantee applies to operation at full published 
specifications at end of 5 years. 
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Lambda guarantees LN series power supplies 
> full years . . . workmanship and performance 


The Lambda Five-Year Guarantee on LN Series 
Power Supplies covers labor and all materials (ex- 
cept fuses) when returned to the factory. If the 
customer chooses to perform the maintenance, 
Lambda will supply all replacements for defective 
components without cost. 


The Lambda 5-Year Guarantee covers the opera- 
tion of the LN Power Supply for five years to pub- 
lished specifications. If, at any time during the five- 
year period the supply does not meet the published 


specification when used within specified ratings, it 
can be returned to the factory for calibration. Con- 
tact the nearest Lambda office before returning 
equipment. Shipments must be prepaid and include 
reason for return. 


If the unit is sold to a manufacturer who is using it 
in a system, which he is reselling, the complete 
guarantee is transferable — as long as the Lambda 
power product is sold as original equipment. 


A\ LAMBDA 
ELECTRONICS 
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Test kit determines Gunn-diode threshold parameters 


John L. Heaton 
Microwave Associates, Burlington, MA 


The threshold voltage of a Gunn diode is probably 
the single most important diode parameter, since 
threshold voltage easily relates to device active- 
region thickness, and therefore to operating 
frequency. 

As shown in Fig. 1, my method employs a 
commercial DVM with BCD output to sense the 
diode operating current during application of a 
ramp voltage. TTL-logic circuits, driven by the 
DVM’s BCD output, first sense the onset of 
current drop (back of threshold) and trigger the 
reading-retention circuitry of the DVM. A second 
DVM, monitoring the voltage across the diode, 
then triggers to retain its reading when the 
current drop-back is sensed. In addition, when a 
threshold condition is determined, the ramp 
generator resets to zero output, and awaits a 
trigger command from an operator-controlled 
reset switch, allowing insertion of the next diode 
into the test jig. 


0 TO 199.9 mV 


0 TO 19.99V 


Fig. 1—Measure threshold voltages of Gunn diodes simply, 
quickly, and automatically. without the worry of self-heating 
errors common to other techniques. The only major piece of 
equipment required is a commonplace DVM. 





A detailed circuit diagram of the digital section 
along with the timing waveforms appears in Fig. 2. 
A clock waveform is obtained from the current- 
sensing DVM. In the case of the Digitec 271A-1N 
used here, the ramp-gate signal was obtained 
from internal test-point 1 (TP1) and brought out to 
an unused pin on the rear connector. 

Fig. 2b shows how this DVM samples at line 
frequency, and then counts during the positive 
cycle of the square wave present at TP1. During 
the negative cycle, the resulting count is dis- 
played. An overlap of at least one msec into the 
positive cycle occurs before counting begins 
again. Parallel BCD data is available at a rear 
connector on N-option meters. This data, includ- 
ing the error bit, acts as input to four type-SN7475 
quad latches and to the A inputs of four serially 
connected SN7485 4-bit magnitude comparators. 
The latches serve as temporary storage elements 
and allow comparison of the previous count with 
the count one clock pulse (one cycle of the 
ramp-gate waveform) later. The Q output of the 
latches serves as B input to the comparators. 

As shown in Fig. 2b, the latch clock pulse 
occurs three msec after the trailing edge of the 
ramp gate, insuring that the latch data does not 
update during counting. Within this period (be- 
fore occurrence of the latch clock pulse), the 
latch output (the t—1 data) can be compared with 
the present value of the BCD line. This is 
accomplished by routing the A < B output of the 
comparator string through a pair of NAND gates 
(each 1/3 of a SN7410). NAND,, the controlling 
gate, drives the store inputs of the two DVM’s 
through a pair of emitter followers. The output of 
NAND, cannot switch to a LOW state (and store 
the DVM displays) unless an enable pulse, 
generated by multivibrator 1, appears at one 
input of NAND;. Thus, the comparison is enabled 
only during the 3-msec period following the 
trailing edge of the ramp-gate pulse, but prior to 
updating of the data stored in the latches. 

When a threshold condition occurs, the t,—1 
current value stored in the latches is greater than 
the t, current reading present on the BCD line, so 
the condition A<B is true. Thus, the A<B output 
of the comparator chain switches to a HIGH 
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Fig. 2—Digital-section schematic and timing diagram of the measurement unit should let you build and debug the device 
with few problems. The DVM samples at line frequency, counting during the positive cycle and displaying information 


during the negative cycle. 


condition. Prior to this (at time t,), the output of 
NAND, was HIGH. 

NAND,, (also HIGH), now switches to LOW at 
time t,+1. The comparison enables when mono- 


stable multivibrator 1 triggers and its Q, output - 


goes LOW, while the output of NAND; switches 
to a HIGH state. If the operate-standby switch is 
in the RUN position and the reset push button 
released (NC position), all inputs to NAND, go 
HIGH and its output switches LOW. NAND, and 
NANDs then go into a lock-up state. Since they 
each now have one LOW input and hence one 
HIGH output, this guarantees that all inputs to 
NAND, remain HIGH. 

NAND, now also has one LOW input, and its 
output switches to a HIGH state, driving the 
output of the ramp generator back toward zero 
volts. The readings on the two DVM’s are stored 
because a HIGH condition is applied to the 
storage terminal. Momentarily pressing and re- 
leasing the reset push button restores original 
conditions and initiates another ramp. NAND, 
insures resetting of the ramp generator no matter 
when the reset button is pressed. 

The ramp generator (Fig. 3) operates by charg- 
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ing a 150-wF capacitor through a trimpot to a 
voltage determined by an external supply. Q, and 
Q, allow the digital section to control the start of 
the ramp. Transistors Q; and Q,, operating in a 
Darlington connection, drive the Gunn diode. In 
Operation, the external supply voltage adjusts to 
about 2.5 times the expected threshold voltage, 
providing a fairly linear ramp up to the threshold. 

The sampling rate of the DVM (used to monitor 
the current) limits the speed of the threshold- 
voltage determination. Because the actual read- 
ings recorded are not the threshold readings but 
rather the readings one clock pulse after thresh- 
old, the indicated threshold current will always be 
slightly lower than the actual threshold current, 
while the indicated threshold voltage will be 
slightly higher than the actual threshold voltage. 

When using DVM‘s that sample at line frequen- 
cy, a 2-sec measurement time will result in 2% 
error in threshold voltage or current. In the case 
of high-current diodes, self heating introduces 
additional error: The slower the rate of rise of the 
current/voltage ramp, the lower the measured 
threshold current, because a higher operating 
temperature is reached. 
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llasiocncenanees 
s00d news about 


the Amphenol SMA line, 
ViVseellan@cm claneule 


But there’s 
enough 


room to talk 

about our 
bigger-than-ever 
line. And our 


competitive prices. 








What do you need in SMA’s? Now you can get it in our expanded line of Amphenol 
stainless steel SMA’s. And you'll get premium quality, too, at very competitive 
prices in all these configurations (shown above, left to right): 


Amphenol SMA cable assemblies: For semi-rigid 0.141” and 0.085” diameter 
metal-jacketed cable and all flexible coaxial cables. Fitted with SMA or other 
RF connectors to your specs. 


Amphenol ‘Spark Plug’ SMA’s: For Microwave Integrated Circuit (MIC) packages. 
One-piece, screw-in, with hermetic seal. No gaskets, brazing, or soldering. Get a 
better seal for less cost. Superior RF performance, too. 


Amphenol phase-adjustable SMA’s: Just turn the nut to change phase up to 180° 
at 18 GHz and get phase-matched cable assemblies. No more repeated cable 
trimming operations are required to achieve precise electrical length. In-line 
adapters also available. 


Amphenol SMA connectors: For all microwave frequencies up to 24 GHz. Comply 
with MIL-C-39012. All shell and body parts are gold-plated stainless steel. Dielectric 
is solid TFE. Amphenol SMA straight and angle plugs, jacks, receptacles, between- 
series adapters —the works. 


Something extra-special in SMA’s? We can help there, too. With unique designs 
that'll satisfy your needs. Just ask us. 


They’re all easy to get— from your Amphenol Industrial Distributor. He’s in your 
neighborhood. For off-the-shelf service on our SMA line, give him a call. And 
phone or write us for more information. Amphenol Connector Systems, Bunker 
Ramo Corporation, 33 E. Franklin St., Danbury, Connecticut 06810. (203) 743-9272. 


When you can connect it 
and forget it... that S quality. 


Amphenol Connector Systems 


For more information, Circle No. 59 








+Q TONORMAL GUNN DIODE OPERATING VOLTAGE 
(8 TO 15V) 


51k 
oe 
INPUT 
FROM 
DIGITAL 


SECTION 
0.05 pF 


GUN DIODE 
UNDER TEST 





RAMP GATE TO 
DIGITAL SECTION 


3-% DIGIT 
BCD OUTPUT TO DIGITAL SECTION 


1. T 0.05 uF 


TP1 (INTERNAL) 





CONTROL O 1 ge: 2 
FROM 
DIGITAL SECTION READING 2 "1 
RETENTION 
INPUT ~ CURRENT SENSING 
. DVM, 0 TO 199.9 mV 
DIGITEC 271A-1N 
CONTROL # 
READING 
RETENTION 
INPUT VOLTAGE SENSING 





DVM, 0 TO 19.99V 
DIGITEC 271A-3 





Fig. 3—Ramp generator with associated circuitry receives control signals from the digital section of Fig. 2. It operates by 


charging a capacitor to an externally determined voltage. 


Knowing the approximate threshold of the 
diodes to be tested permits additional measure- 
ment speed. Adjusting the ramp-generator time 
constant to about 1/4 sec and using an external 
supply voltage only slightly above the expected 
threshold voltage allows one to locate the slowly 
rising tail of the exponential-voltage RC ramp at 
the threshold point. The more rapid initial rise 
results in a reduced measurement time. With this 
technique, a measurement time of about one sec 
is possible with a +2% maximum error. Addition- 
al measurement speed is not normally required if 


diodes are hand-loaded into the test fixture. 
When because of machine loading additional test 
speed is desired, the ramp-generator circuit 
could be modified to allow decay of the ramp 
voltage to just below threshold rather than to 
zero volts. O 


To Vote For This Circuit 
Circle No. 326 


This flame detector interfaces directly to a wP 


Alan Ames 
Fisher Scientific Company, Waltham, MA 


Many flame detectors utilize a gas-diode tube that 
conducts when exposed to the ultraviolet OH 
vibrational bands present in a flame. Although 
this photoionization is quite strong, a high 
voltage must still be applied to the tube to detect 
the ionization. 

The flame detector defined here, however, 
takes advantage of the near IR bands located near 
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the peak response of a silicon Darlington photo- 
transistor. A filter reduces the interferences from. 
visible light sources. This very sensitive circuit can 
thus pick up hydrogen flames which emit no 
visible light. 

Shown in Fig. 1, the circuit operates as a 
Schmitt-trigger type—except that the base cur- 
rent rather than the base voltage controls Q,. R, 
and R, are chosen so that the circuit output can 
drive a TTL load and also determine the triggering 
point of the input light level. R,, Rs; and R; must 
bias Q; ON when Q, is below the desired 
triggering level. They must also provide the 
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our back panel 
systems put your 
n up front. 
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—— i , — carnunceaninsen tt eames a aapaenene 
war. high density Press-Fit P.C. Se ee Ec augue OORT 
board back panel system isarealmoney-saver, |\j_ gn oe. eee ees 
giving you the economy and reliability of =a ey cganntt™? paneer Ct a nanmeees 
printed circuitry plus the versatility of solderless paneanene” eeateret 
wire wrapping. Our Press-Fit solderless inter- 
connection system offers you total flexibility for 
back panel design using either double sided or 


multi-layer P.C. boards. 
With your specifications, and our unique 
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Press-Fit system, we can produce a board complete Because there are fewer wired 
with connectors tailored especially for you. terminations, reliability is increased and 

Elco’s Variplate™ is a metal plate back panel your production and assembly costs are reduced. 
connection system made to your specifications. Elco has what it takes to meet your needs in 
Because it’s such a high density system, Variplate cost-effective back panel systems. Now give us what 
is extremely popular in the computer we need — your specifications and applications. 


equipment field. 
Variplate’s metal plate provides a low 
impedance ground plane with excellent circuit Elco Corporation 
stability. This makes Variplate ideal for high speed 2250 Park Place, El Segundo, Ca. 90245 
signal applications. In addition, to the ground plane, 213-675-3311 / TWX 910-325-6602 
Elco has developed a voltage plane power distri- 
bution system allowing individual contacts to be 
attached to the voltage planes as required. 


“GREAT CONNECTIONS... WORLDWIDE” 


Elco 
Corporation 


A GULF + WESTERN MANUFACTURING COMPANY 
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Bi,R,= 0.5V 


Fig. 1—This flame detector provides a high-level output upon 
detecting a flame. Capacitor C, provides base drive during 
momentary flame flickering to maintain Q, in conduction. 


proper positive feedback for hysteresis. 

The equivalent circuit in Fig. 2 serves to find the 
proper values of R,, R, and R; for positive 
feedback. If R, is set equal to R,, the small signal 
gain is negative and hysteresis is attained. But 
even with hysteresis, the flickering of a flame can 
become extreme. Thus, C, is added to maintain a 
base charge on Q,, the photodarlington, so that it 
will conduct even if no light falls on it momentari- 
ly. C, filters out periodic noise spikes from 
interfering light sources that could give false 
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MEPCO/ELECTRA 


New ZNO Zinc Oxide Varistors protect your circuitry 
and semi-conductors by suppressing harmful power source 
transients and internally generated spikes. No need to add 
costly protective circuits or overspecify on semiconductors . . . 
ZNO Varistors provide effective, low-cost protection while 
improving the reliability and safety of your equipment. ZNO 
Varistors install easily across main power sources carrying 
RMS voltages from 55V to 415V (with wider voltage and 
energy handling capabilities now available). For fast, 
off-the-shelf delivery, or for further information on ZNO 
Zinc Oxide Varistors contact: Mr. Tim Farley, Mepco/Electra, 
Inc., P.O. Box 760, Mineral Wells, Texas 76067, (817) 325-7871. 





a ee R,=R,<<R,,R 
= BR —1], 6>>1 oe ; 
ls a R,(R,+ R,—R,) S | Cr 


Fig. 2—In this equivalent circuit, if R,; equals R,, hysteresis 
helps overcome flickering. 


readings. 

Finally, this circuit does not require a special 
high voltage, costs less than a gas diode (only 
under direct sunlight does a gas diode provide a 
better signal-to-noise ratio), and its output can go 
directly to the input port of a microprocessor. © 


- MEPCO/ELECTRA, INC. 


A NORTH AMERICAN PHILIPS company 
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Design Entry Blank 






MEPCO/ELECTRI 
LAUNCHES... 


‘THE SUPER SUBS 
CT SERIES SUBMINIATURE TRIMMER CAPACITORS 

| feature a super-thin, low profile design that's perfect 
for use in ladies’ and men’s digital watches, CB walkie- 
talkies, auto radios, RF amplifiers and oscillators, 
MIC's, you name it! Select CT Series Capacitors in 
sizes from .120" to .196" diameter, and in a trimming 
range from 1.5 pF to 150 pF. For trouble-free perfor- 
mance, the CT Series offers highly stable NPO ceramic 
dielectrics, precision tuning capabilities, 
and aclosed design that seals out moisture Actual Size 
and other contaminants. CT product avail- 
ability is excellent, CT prices very com- 
petitive. For further information on The 
Super Subs,’ contact: Harvey Bruning, 
Mepco/Electra, Inc.,; Columbia Road, 
Morristown, N.J.07960, 
(201) 539-2000. 











MEPCO/ELECTRA, INC. 


A NORTH AMERICAN PHILIPS company 
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It also comes assembled. 


If you need dials, we have dials. If you catalog. Or if you're in a real hurry, call 
need handsets, we have handsets. If you John omen at (312) 562-7100, extension 250. 
need Touch Calling keysets, When it comes to quality com- 
we've got ‘em by the thou- ponents, call THE SOURCE: 
sands. Ringers and hook- GTE Automatic Electric. 
switches, too. Or, if you need - A A Et Ge Se Gee 
complete telephones, we Please send your catalog of “Tt 
have them for you in all the 
latest styles and colors. 

You get communications 
components faster from GTE 







a communications components. 


Please send more information and prices 
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N ld 
Automatic Electric because, out- : ay ; ee 
a om a 
side of the Bell System, we’re the ad 
Address 
largest manufacturer of telephone 
equipment in the U.S. If you need it, 
a: a the U.S y i Telephone 
Mail to: Mr. J.D. Ashby, B-4, GTE Automatie Electric, 
Use the ae below for a complete g Northlake, Illinois 60164. 
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AUTOMATIC ELECTRIC 
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you'll like 
Burr-Brown’s 


one word price story... 


Down. 


You've always expected high quality from Burr-Brown. 
Now you can expect Burr-Brown to keep your costs down, 
too. Take a look at the prices of these high quality 
Burr-Brown units: 
ADC 80: Lowest priced hybrid 12 bit A/D on the 
market. ADC 80 is complete with clock, comparator and 
reference, and is especially applicable in designs where 
space is crucial. With a conversion speed Of.25 psec, 
price is only $47.50 (in 100's). 
DAC 80: 12 bit DAC’s price cut by half. The DAC 80 
is a truly self-contained D/A converter with guaranteed 
montonicity. It includes internal reference source, output 
buffer amplifier, maximum non-linearity of 
+ ¥o1 SB, and a price of only $19.50 (in 100's). 
3650/3652 Isolation Amp: Breakthrough 
in price and size. Thanks to a new 
optical coupling technique, you 
now have a low cost alternative. 
Under one cubic inch in volume, 
, the 3650HG, with 0.3% gain 
non-linearity and 1500V continuous 
isolation is only $26.50 (in 100’s). 





BURR-BROWN 


except In price 












3626 Instrumentation Amp: Modular performance at 
lower cost. The laser-trimmed 3626 family offers the 
performance you need. Input offset drift as low as 
1 wVI°C at G= 1000, <2uV/°C at G = 5, gain non-linearity 
is 0.01%. Prices start at $13.00 (in 100's). 
4127 Log Amp: Low-cost solution to signal processing 
problems. 4127 is the first hybrid log amp to accept 
inputs of either polarity —up to 4 decades of voltage or 
6 decades of current input. It functions as a logarithmic, 
log ratio, or antilog amplifier, and is only $26.00 (in 100's). 
Five circuits —typical examples of Burr-Brown’s 
commitment to cost savings. Over the past year, 
Burr-Brown has cut prices on a substantial number 

of products, some by more than 50%. 
To find out more on how Burr-Brown 

can help you meet those crucial 
cost vs. performance specifications, 
write or call: Burr-Brown, 
International Airport 
Industrial Park, — . 
Tucson, Arizona 85734. 
(602) 294-1437. 
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S.S. KEYBOARD. Tested in excess of 100 
million operations without failure, the 
Cap-Tron™ solid-state keyboard uses 
noncontacting capacitive switches. Their 
Capacitance change is 7x greater than 
required for dependable switching. Both 
standard and custom configura- 
tions—plus options that include 2-key or 
N-key rollover, selection of operating 
force, and many choices of keytop 
shapes, colors, legends and 
languages—are offered. ASR-33 version, 
$100. The Maxi-Switch Co., 9697 E. River 
Rd., Minneapolis, MN 55433. Phone (612) 
755-7660. Circle No. 172 





LED DISPLAYS. M 
only 2 mA/segment, the 0.175-in.-high 
HP 5080-7265, —7275, —7285, and —7295 
LED indicators come in 5- and 15-digit 
packages. Spacing of 4/in. and direct 
drive by MOS circuits are featured. The 
—7265 and -—7275 versions (5- and 
15-digit clusters, respectively) have a 
center decimal point; the corresponding 
—7285 and —7295, a right decimal point. 
All may be mounted with edge 
connectors or soldered wires. 5082-7265 
(5 digit), $11.25 (200). Hewlett-Packard 
Co., 1501 Page Mill Rd., Palo Alto, CA 
94304. Phone (415) 493-1501. 

Circle No. 173 


DPM. Built on a single 2.9x1.4-in. pc 
board, Model 325 features a 3-digit 
0.4-in. bright orange LED display with 
automatic polarity indication. Other 
attributes include external decimal-point 
selection, 1000-MQ input impedance, 
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COMPONENTS/PACKAGING 


+0.1% accuracy and linearity, 7-pA 
typical input-bias current, T.C. of 
+0.005%/°C and power consumption of 
550 mW. A choice of 4 ranges (1, 10, 100, 
and 1000V dc) is offered. All units receive 
a 150-hr burn-in, and carry a 2-yr 
warranty. $47 (qty.). International Micro- 
tronics Corp., 4016 E. Tennessee St., 
Tucson, AZ 85714. Phone (602) 748-7900. 

Circle No. 174 





locks provide intermediate-level security 
with the Series-2000 control units. 
Offered with a choice of either 
maintained or momentary keylock in 2 or 
3 positions, they mount in 7/8-in.-dia. 
panel holes. Using 1, 2, 3 or more 
SNAP-BLOC contact blocks can achieve 
any combination of N.O. and/or N.C. 
contacts. UL and CSA contact rating is 
10A at 300V ac (3600-VA make; 360-VA 
break). $8.95. Alco Electronic Products 
Inc., 1551 Osgood St., North Andover, 
MA 01845. Phone (617) 685-4371. 

Circle No. 175 


TEMPERATURE RECORDERS. Self- 
adhesive Temp-Plate recorders come in 
sizes as small as 0.19-in. dia., and with 1 
to 8 indicators over a range of 100 to 
1100°F. Their 0.01-in. max. thickness and 
*+1% accuracy suit them for IC’s, 
transistors and other electronic compo- 
nents. Each indicator changes irreversi- 
bly from light color to black when 
exposed to heat exceeding its calibrated 
temperature. An evaluation sample is 
free. William Wahl Corp., 12908 Panama 
St., Los Angeles, CA 90066. Phone (213) 
822-6144. Circle No. 176 


SWITCHABLE DELAY LINE. The Nanno 
Switch has individual delay lines, each 
with its own switch, that allow for delay 
increments in 1-, 2-, 4-, 8-, 16-, 32-, 64-, 
and 128-nsec steps. Either 50 or 75 
versions—with or without the 128-nsec 
step—are available. From $62. Allen 
Avionics, Inc., 224 E. 2nd St., Mineola, 
NY 11501. Phone (516) 248-8080. 

Circle No. 177 








ON-DELAY RELAYS. Hybrid 
timing relays of the 7086 Series meet UL 
component-magnetic motor controller 
guide NLDX2, and provide repeat 
accuracy of 2%, transient protection and 
switching capacity to 10A. Timing range 
of these 120V, 60-Hz units is from 1 sec 
to 2 min. in ambient temperatures from 
—10 to +55°C. Each relay has 0.1-sec 
reset time, with electrical life at full load 
rated >100,000 operations. From $13. 
Cutler-Hammer, Inc., 4201 N. 27th St., 
Milwaukee, WI 53216. Phone (414) 
442-7800. Circle No. 178 





INDICATOR LIGHTS. Subminiature (in- 
candescent) lights in a wide choice of 
solid colors and 2-tone effects come 
either front-mount in 15/32-in. holes, or 
front- and back-mount in 1/2-in. ones. 
All use T-1-3/4 midget flange-base lamps 
(1.35 to 28V). Round, square and 
rectangular caps can be specified in 6 
colors and with hot-stamped or en- 
graved legends. From $1.26 (1000). 
Dialight, 203 Harrison PI., Brooklyn, NY 
11237. Phone (212) 497-7600. 

Circle No. 179 


THUMBWHEEL SWITCH. The subminia- 
ture T50J-01M has 1/2-in., J-shaped pin 
terminations attached, making it readily 
adaptable for motherboard or wire-wrap 
applications. This matte-finished, 10- 
position decimal thumbwheel has inline 
readout and modular construction that 
allows ganging in minimum space. A 
40-switch assembly, for example, uses a 
panel opening only 3/4 in. high and <13 
in. wide. With 11 J-pins installed, $4.90. 
Cherry Electrical Products Corp., 3600 
Sunset Ave., Waukegan, IL 60085. Phone 
(312) 689-7702. Circle No. 180 
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NEED FAST DELIVERY 


ON HIGHEST QUALITY 






_ KEMET offers you a broad 
range of highest quality capaci- 
tors. With fast delivery. Now. 





Solid Tantalums. In ratings of 


.0047 uF to 1000 uF, 6 to 125 VDC. 


Commercial, MIL-Spec, Graded 
Reliability types. Space-saving 
chips. All cases — molded, 
dipped, hermetic. Axial or radial 
leads. Polar and non-polar. 

Monolithic Ceramics. CKO5- 
CK16, CKRO5-CKRI16, MIL-C-20. 
“Solder Guard? “Gold Guard, 
or Established Reliability Chips. 
Ultra-Stable NPO, Stable BX or 
General-Purpose Z5U dielectric. 
Available with axial or radial 
leads. Transfer molded or “Blue 
Max” epoxy dipped. 


CAPACITORS? 





ust Say The Word. 


Precision Thin-Film. “Flat 
Kap” Parylene and metallized 
polycarbonate Thin-Film Capaci- 
tors combine small size with 
outstanding electrical charac- 
teristics. Values of .001 uF to 
.22 uF. Exceptional stability. To 
MIL-C-83421, 39022, 55514 or to 
customer specification. 

With EPIC Delivery. See your 
KEMET Capacitors representa- 
tive or distributor now. What he 
doesn’t have, he can get ina 





hurry through the exclusive 
KEMET Electronic Product In- 
ventory Control — EPIC, for 
short. It’s a computerized parts 


For more information, Circle No. 65 


control and order entry system 
that gives instant access to all 
KEMET plant inventories. 

In less time than it takes to 
read this page, he can tell you the 
status of the parts you need, list 
all same-rating alternatives, give 
you pricing data — and enter 
your order. 

No hassle. Just lots of hustle. 
KEMET offers you more. 

Components Department, 
Union Carbide Corporation, Box 
5928, Greenville, SC 29606; 
phone: (803) 963-6300; TWX: 
810-287-2536; Telex: 57-0496. 


UNION 


CARBIDE 


COMPONENTS DEPARTMENT 


In Europe: Union Carbide Europe, S.A. 
5, Rue Pedro-Meylan, Geneva 17, Switzerland 
Phone: 022/47 4411 Telex: 845-222-53 


KEMET is a registered trademark 
of Union Carbide Corporation. 
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INSTRUMENTATION/POWER SOURCES 








LOGIC/WAVEFORM ANALYZER. Model 
DM 230 allows data-domain analysis of a 
microcomputer using the 32-bit wide by 
128-word long built-in memory system. 
A 4-digit hexadecimal thumbwheel 
switch sets the start- or end-trigger 
address, and stored data is displayed on 
a 6-digit hexadecimal display. The 
waveform-analysis capability allows a 
real-time analog scope presentation of 
the microprocessor data, address, or 
status lines. $2900, with 1 probe buffer. 
Delivery, 60 days ARO. Davco Manufac- 
turing Co., 169 Ridgedale Ave., Morris- 
town, NJ 07960. Phone (201) 267-4990. 

Circle No. 221 


TRANSIENT DETECTOR. The ZAP-TRAP 
detects and measures transient voltages 
of 10 to 1000V on ac or dc lines. Battery 
powered for isolation, it traps transients 


IN WIRE-WRAPPING 


HOBBY-WRAP-30 


as fast as 2 usec. Readout is with the 
user’s 0-10V dc VM (10-kQ/V impedance 
Or greater). Peaks are held for at least 15 
min. with <10% decay. $75 (batteries 
extra). Industrionics, Inc., 115 Pleasant 
St., Millis, MA 02054. Phone (617) 
376-8147, Circle No. 222 


X-Y DISPLAY. With its 12-in. (diagonal) 
nonglare CRT, Model SD311 presents 
bright, undistorted spectra from real- 
time analyzers and FFT signal processors. 
Linear and logarithmic inputs may be 
instantly selected on both the spectrum 
and frequency axes, and Z-axis input is 
provided. Retrace blanking and raw 
input (time-history) are also switch- 
selectable. $3250. Spectral Dynamics 
Corp., Box 671, San Diego, CA 92112. 
Phone (714) 565-8211. Circle No. 223 


SPECTRUM ANALYZER. Its IEEE-488/1975 
digital interface allows the FFT 512/S-15 
to be controlled by a minicomputer, a 
terminal, or other programmer/ 
controller that uses the IEEE-standard 
interface. The external device can then 





read from, and write into, any location in 
the memory of the FFT 512/S. $8900. 
Delivery, 60 days ARO. Rockland 
Systems Corp., 230 W. Nyack Rd., West 
Nyack, NY 10994. Phone (914) 623-6666. 

Circle No. 224 





SIGNAL GENERATOR. Model 3001, a 
1-520 MHz programmable synthesized 
signal source features CW, AM and FM 
Operation with internal 400- and 1000-Hz 
(or external) modulation capabilities. 
Frequency accuracy is 0.001%; stability, 
0.2 ppm/hr. A front-panel meter moni- 
tors the output power, which is 
adjustable from +13 to —137 dBm and is 
calibrated in V rms and dBm. $2600. 
Wavetek Indiana, Inc., 66 N. First Ave., 
Beech Grove, IN 46107. Phone (317) 
783-3221. Circle No. 225 


CKO HAS THE LINE... 


UNWRAP 


OK MACHINE & TOOL CORPORATION 


3455 CONNER STREET, BRONX, NEW YORK, N.Y. 10476 U.S.A. © PHONE (212) 994-6600 
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TELEX: 125091 TELEX: 232395 
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Dialight 
Switches 


A switch for al! reasons. 





Reason 1: Dialight 
offers three switch 125% 
configurations to meet 
all your needs—snap- 
action switches with 
silver contacts for mod- 5 
erate-level applications, 
snap-action switches 
with gold contacts for intermediate-level 
applications, and wiping-action switches with 
gold contacts for low-level applications. 

Each of these ranges is served by two switching 
actions—momentary (life: 750,000 operations) 
and alternate (life: 250,000 operations). 


VOLTAGE 
AC 








SNAP ACTION 
SILVER CONTACTS Y 


0 
‘CURRENT 7A 










Reason 2: Dialight’s snap-action and 
wiping-action switches come 

in anew modular design concept... 
a common switch body for either 
high or low current operation. All 
554 series switches and matching 
indicators have the same rear- 

panel projection dimensions. 

The snap-action switching 
mechanism guarantees a fast 
closing and opening rate. 

This insures that contact force 
and contact resistance 





| | OD) 
PRODUCT SELECTOR GUIDE 


: i Csi 
Snap-Silver Snap-Gold Wiping-Gold 
contacts contacts contacts 


SWITCHING 

ACTIONS SPDT DPDT SPDT DPDT SPDT DPDT 
ALTERNATE ae emma ee eS. 
OPTIONS 


PUSH BUTTON CAP SIZES 


BEZEL MOUNTING 
TO ACCOMMODATE 


BEZEL MOUNTING WITH 
BARRIERS TO ACCOMMODATE 


PANEL MOUNTING 
TO ACCOMMODATE 


MATCHING INDICATORS 


are independent of the switch’s actuation speed. 

In the wiping-action switch, the contacts 
are under constant pressure (A unique Dialight 
design). This insures long life with a minimum 
build-up of contact resistance. 


Both switch types are tease-proof. 


SWITCH OPERATING RANGES 
y 


Ye MMM LLUY LL 
TMM 


1A 500mA 50mA 


voice Reason 3: Dialight 

3 Offersa wide variety 

24 ~=of panel and snap-in 
bezel mounting 
switches with momen- 
5 tary and alternate 

0 action configurations 









WIPING ACTION 
GOLD CONTACTS 











Se ee in SPDT and DPDT 
types. There are over 240 switch variations 
to choose from. 


The 554 illuminated switch, designed 
for front of panel lamp replacement, gives you 
a choice of five different bezel sizes... 

3” x1", 54"x%4”, 34” square, %” square, 
and 2” square. The first four sizes are also 
available with barriers. You also get a 
choice of six cap colors... white, 
blue, amber, red, green, and 
light yellow... four different 
underlying filter colors... 

red, green, amber, and blue 

and a variety of engraved or hot- 
stamped legends... over 300 
cap styles... over 100,000 
combinations. 

There is also a variety 
of terminal connections... 
solder blade, quick 
connect, and for PC 
board insertions. 


Reason 4: Dialight’s 554 
series is designed as a 
low cost switch with 
computer-grade quality. 

























DIALIGHT 


A North American Philips Company 
203 Harrison Place, Brooklyn, N.Y. 11237 
(212) 497-7600 


For more information, Circle No. 67 
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DIGITAL TROUBLESHOOTERS. A 3- 
instrument kit, Model 5021A contains the 
545A multifamily logic probe, the 546A 
logic pulser and a 548A logic clip. These 
provide stimulus-response testing for 
$375. The Model 5022A advanced kit 
adds the 547A current tracer for 
following current pulses directly to the 
faulty circuit component, and sells for 
$700. Finally, Model 5023A adds Model 
10529A logic comparator that allows 
“mapping” of faulty logic responses. 


You know our Capacitors, 
but have you seen our... 


ALUMINUM FOIL 
TRANSFORMERS 
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$1200. Hewlett-Packard Co., 1501 Page 
Mill Rd., Palo Alto, CA 94304. Phone (415) 
493-1501. Circle No. 226 


MODULAR SUPPLY. Rated for 150,000- 
hr MTBF, Model DPS5S500 delivers 5V at 
0.5A from a 2.5x3.5x0.875-in. package. 
Specs show 71°C operation, output 
ripple and noise of 1 mV rms, and input 





If you’re looking for an 

isolation or autotransformer 
with... 

® Single or multiphase 


@ Reduced size and weight 
@ Higher temperature operation 

@ Improved thermal efficiency 

® Higher electrical efficiency, and better 
regulation 


...then our aluminum foil transformer line 
could be your answer. Units are available 
in 50/60 Hz, 400 Hz and higher frequencies, 
in sealed, shell and open-frame versions, 
with ratings to 5000 VA and outputs through 
900 volts. Or send us your requirements 
for a design and price proposal. Send for 
our transformer data sheet and technical 
bulletin today to Electrocube, 1710 So. Del 
Mar Ave., San Gabriel, CA 91776; (213) 





973-3300. 


electrocube 
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of 105-125V, 50-440 Hz. $31.95; $26 (10). 
Semiconductor Circuits, Inc., 306 River 
St., Haverhill, MA 01830. Phone (617) 
Circle No. 227 


347-0269. 





POWER SUPPLY. The CM series of 
modular supplies has its barrier-strip 
connections recessed within the case 
outline. Molded-in, threaded _ inserts 
permit bolting to a metal chassis if 
desired. This series includes 5V/1A; 
+12V/200 mA; +15V/50, 100 or 200 mA; 
and 2 triple-output versions delivering 
+12 or +15V and 5V. All are housed ina 
4X2.7X1.4-in. case. $39 to $95. Calex 
Mfg. Co., Inc., 3305 Vincent Rd., 
Pleasant Hill, CA 94523. Phone (415) 
932-3911. Circle No. 228 


CAPACITANCE STANDARD. Seven rang- 
es covering from 1 uF to 1F in decade 
steps, 0.25% accuracy and a D of 0.01 at 
100 Hz, 120 Hz and 1 kHz make the 
4-terminal GR 1417 a convenient stan- 
dard for large capacitance values. Useful 
frequency range is from <50 Hz to >10 
kHz. $775. GenRad, Inc., 300 Baker Ave., 
Concord, MA 01742. Phone (617) 
369-4400. Circle No. 229 





ANTI-ALIAS FILTER. Both dual and 
programmable, Model 602 has a pair of 
independently programmable, elliptic 
low-pass filters that cover from 10 Hz to 
150 kHz in steps of 1 from 1 to 15 in each 
decade range. Also independently pro- 
grammable, gain and overload detectors 
are provided in each channel, as well as 3 
computer-compatible control options 
for direct interface with a minicomputer 
or controller. $2850. Precision Filters, 
Inc., 303 W. Lincoln St., Ithaca, NY 
14850. Phone (607) 277-3550. 

Circle No. 230 
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4. Long Life 
10° mechanical 
1. High Sensitivity operations. 
Minimum operating 
power NF2E 190mw, 
NF4E 310mw. 





2. Plastic Sealed 
With N2 gas enclosed. 


3. High Contact 
Capacity 
2 amps @ 30VDC re- 
sistive. Can switch up 
to 220V AC/DC. Avail- 
able in 2C, 4C and 
Form D (MBB) contacts. 





Sound advice for 
the alarm industry. 





You know better components make a better alarm system. So it pays to 
install the most reliable relays available today: Arrow-M NFE Amber 
Relays . . . supported by our unique and advanced manufacturing 
techniques. They offer you: 

Reliability — The secret is a unique automated modular assembly 
coupled with lift off bifurcated contacts and a rebound absorbing 
mechanism. Installed in a sensitive alarm, it can go unused for long 
periods of time and still work when needed. 

Sensitivity — NFE Amber Relays use only half the power of ordinary 
relays. 3 

Automatic Wave Soldering — NFE Amber Relays are plastic sealed with 
N2 gas. 

High Packaging Density PC Board Mounting — flatpack NFE Amber 
Relays are only 0.425 inches high. 


The proven dependability and sensitivity of Arrow-M Amber Relays is 
based on more than 50 years of meeting the advancing needs of modern 
technology. So for relays that make it easier to make a better alarm, rely on 
Arrow-M NFE Amber Relays. 


Relays for Advanced Technology 
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5. Negligible 
Chattering 

Lift-off card system and 
rebound absorbing 
structure minimizes 
contact bounce. 


6. Low Stable 
Contact Resistance 
Bifurcated gold clad lift 
off contacts. Applicable 
to low level circuits. 








For evaluation samples, or 

for more information on exact 
specifications, write or call your 
nearest Arrow-M office. . 


Arrow-M Corporation 
250 Sheffield Street 
Mountainside, N.J. 07092 
(201)232-4260 


Western Office: 

22010 S. Wilmington Ave. 
Suites 300 & 301 

Carson, Calif. 90745 
(213) 775-3512 






Arrow-M 
Member of Matsushita Group 
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NOW -IT’S HERE! 
BY POPULAR DEMAND 
Full Four-Digit DMM 


$190 


With Rechargeable 
Batteries & Charger Unit 





Another 
Volksmeter— 


voirsmeter- LMI-40 


@ Super Rugged - ideal for field service use. 
@ Accuracy - 0.1%. @ 19 ranges: 4 vde, 4 vac, 
5 ohms and 6 current (optional). e Automatic 
zeroing and polarity. e@ Fullfour digits enhances 
low ohms measurement. e@ Small size: 1.9" H x 
2.7" Wx3.9" D. @ Fully protected input. 

Also a 1%, 3-digit LM-3@ $125, a 1%, 3-1/2-digit 
LM-3.5 @ $147 and a 0.05%, 4-digit LM-4 @ $227, 


See your local distributor! 
Distributor inquiries invited. 


For more information, Circle No. 70 


PANEL METER 





PM-3.5AC $136 


Features Include: 
e Full three digits plus 100% over-range (3-1/2 


digits). © +0.5% reading +2 digits accuracy from 
45 Hz to 1200 Hz (45 - 400 Hz for 1000V range), 
@ 2V, 20V, 200V or 1000V full scale ranges. 
@ Operates from +3. 6 to +6V atless than 250 mA, 
© Programmable decimal, e@ Small size: 1" H 
x 2.5" Wx3.75"D. e@ Large 0.3" LED display. 
@ Multiplexed BCD output. e Ratio orvoltmeter 
operation. 


Also vde meters - a unipolar or bipolar, 0.1%, 
3-digit PM-3 or PM-3A @ $85 or $89; abipolar, 
0.05%, 3-1/2-digit PM-3.5 @ $99 and a bipolar, 
See your local distributor! 
Distributor inquiries invited. 
For more information, Circle No. 71 


Non-Linear Systems, Inc. 
Originator of the digital voltmeter. 

Box N, Del Mar, California 92014 

Telephone (714) 755-1134 TWX 910-322-1 132 
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RS-232C MONITOR. Model 232 indicates 
the condition of the data-communica- 
tions system under test, permits direct 
access to individual signal lines, and 
allows operation of the system terminal 
in the echo mode. The unit continuously 
displays DRT, CD, DSR, CTS, RTS, RD, 
TD, and TEST INDICATOR on 8 bright 
LED’s. Pin connections permit scope 
monitoring. Goodwood Data Systems, 
Box 768, Ogdensburg, NY 13669. Phone 
(613) 257-3610. Circle No. 231 


DISC EXERCISER. A series of tests 
ranging from simple restore operations 
through complex data excercises can be 
performed on 2315-type disc drives such 
as Wangco, Pertec, and Diablo by the 
DX-1000. Functions include restore, 
seek, increment or decrement up or 
down the disc, as well as random 
patterns of incrementing. $1995. Wilson 


Labs., Inc., 2536-D E. Fender Ave., 
Fullerton, CA 92631. Phone (714) 
992-0410. Circle No. 232 


MINI-LAB for component and wafer 
testing, TP22/34 allows users to test at 
room temperature to 200°C with a single 
controller. A head accepts adapters to 
conform it to package configurations, 
while a chuck mounts on the prober for 
interference-free testing. Accuracy of 
1%, stability of +0.3°C and temperature 
gradient of <1°C across the chuck 
surface are provided. Delivery, 4 to 8 
wks. ARO. Temptronic Corp., 40 Glen 
Ave., Newton, MA 02159. Phone (617) 
965-3420. Circle No. 233 








uP ANALYZER. The LOGICORDER-32, a 
32-channel device, offers direct readout 
of hexadecimal character using a 
standard scope as display. Pocket sized, 
it triggers at a pre-set 16-bit address and 
stores 64 words in memory. The 
triggered address can also stop storage 
into memory, thereby showing micro- 
processor activity prior to triggering. 
$895. Scanoptik Inc., Box 1745, Rockville, 
MD 20850. Phone (301) 977-9660. 

Circle No. 234 








AUTOPROGRAMMER. Model 583, an 
EROM for use with Wavetek programma- 
ble generators, stores a sequence of 
programming commands that automati- 
cally control the generator output. Up to 
99 separate tests can be stored in each 
EROM. Test cycling can be either 
automatic or manual; cartridges, either 
user or custom programmed by Wave- 
tek. $795. Wavetek, Box 651, San Diego, 
CA 92112. Phone (714) 279-2200. 

Circle No. 235 





DISPLAY FORMATTER. Used with the 
Tektronix 7D01 Logic Analyzer, the DF1 
plug-in provides displays in timing- 
diagram, binary, octal, hexadecimal 
State-table and mapping formats. Pri- 
mary applications are in the develop- 
ment and production of software, and in 
the design, production, and servicing of 
digital hardware and firmware. $1195. 
Delivery, 12 wks. ARO. Tektronix, Inc., 
Box 500, Beaverton, OR 97077. Phone 
(503) 644-0161. Circle No. 236 
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MICROCOMPUTER. Based on the SBC 


80/10 single-board computer, the System 
80/10 comes packaged with 1k bytes 
resident memory, 48 parallel and 1 serial 
programmable 1/O lines, a system 
monitor, power supplies and OEM front 
panel. The unit’s card cage and 
backplane assembly provide slots for 3 
expansion boards with additional memo- 
ry and I/O. An on-board USART gives 
users the option of RS-232C or 20-mA 
current-loop interfacing. $1495. Intel 
Corp., 3065 Bowers Ave., Santa Clara, CA 
95051. Phone (408) 246-7501. 

Circle No. 181 


MEMORY SYSTEM. Organized into 
16,000 20-bit words (16-and 18-bit bytes 
also standard), the NS3000-1 crams 320k 


- Ne uy . 
oe a ORG 
mod 4 NY you? oui 





i oe Ne Sore N % ath 
a 


w Shia oto 1 ee a a Ltd. 


350 Fifth Ave., N. 45 N.Y, 10001/(212) 695-0200/ Telex 224219 
One of the World’s Largest Manufacturing Importers 


bits onto a single 11.75 15.40-in. card. 
Key spec’s include 280-nsec access time, 


430-nsec R/W cycle time and 610 nsec for 


a read-modify-write cycle with either 
synchronous or asynchronous memory 
refresh. The standard version requires 
+15 and +5V. Bytes of 8, 9 or 10 bits 
come as options. $1050 (OEM qty.). 
National Semiconductor Corp., 2900 
Semiconductor Dr., Santa Clara, CA 
95051. Phone (408) 737-5000. 

Circle No. 182 





uP DEVELOPMENT TOOL, Model MPA 
AO 6800, provides hardware breakpoint 


and monitor, run/halt and single-step 
and allows users to examine registers 
and examine and deposit in 65k of 
memory. Displays show system and 
analyzer status, and address and 





For more information, Circle No. 72 


THIN-TRIM CAPACITORS 
FOR HYBRIDS AND MIC’S 


Series 9401 Thin-Trims are sub-miniature variable 
capacitors for applications where size and perform- 
ance are Critical. Featured are high Q’s for low cir- 
cuit losses, high capacity values for sili yer 
applications and low profile for “gap trimming” 

tiny MIC’s. Body size.140"x 110"x.030"T. Available 
in 4capacitance ranges from 0.2-.6pf to 5.0-25.0pf. 


data-bus contents. A Slow Memory 
Speed Simulator simulates the use of 
slower memories while an Execute 
control allows insertion of instructions 
independent of normal program flow. 
$695. A O Systems Inc., 1736 Front St., 
Yorktown Heights, NY 10598. Phone 
(914) 962-4264. Circle No. 183 





DISC-BASED COMPUTER. The Micro 
File MK II is a stand-alone computer with 


dual, 2nd generation, 600k-character 
flexible discs. Of its 2 RS-232 serial I/O 
ports, 1 handles a data terminal, the 
other a data-communications line—both 
at independent speeds from 110 to 9600 
baud. An 8k-byte RAM user memory 
(expandable to 56k) also comes stan- 
dard. Assembler ($350) and Extended 
Basic ($500) software options are 
available. $4295. DTC, 1190 Dell Ave., 
Campbell, CA 95008. Phone (408) 
378-1112. Circle No. 184 











Lohanson> 


MANUFACTURING CORPORATION 
Rockaway Valley Road 


Boonton, N.J. 07005 


(201) 334-2676 TWX 71 0-987-8367 
For more information, Circle No. 73 
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When | send you for aluminum electro- 
lytics from CAPAR, | mean aluminum 
electrolytics from CAPAR! 


Accept no substitutes. If you have an 
application that requires reliable aluminum 
electrolytics, get CAPAR’s. Our CAE and 
CRE series are ideally suited for solid state, 
commercial and industrial applications. 
They’re manufactured over the extended 
temperature range of -40°C to +85°C and 
are very reliable. 

CAPAR has one of the largest inventories 
of miniature, radial and axial electrolytics in 
the industry. And that’s not all we have. 

We manufacture a large variety of radial 
polyester film capacitors, carbon film 
resistors, radial and axial metallized film 
capacitors and epoxy dipped solid tantalums. 

Why not send for more information about 
our complete line of components? Once 
you ve tried 
us,we know - 
you'll like us. 








303 Crossways Park Drive, Woodbury, New York 11797; COMPONENTS 
Telephone (516) 364-2610: (800) 645-7474: Telex No. 144678 CORPORATION 


For more information, Circle No. 74 
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MICROCOMPUTER. The S/80-DSK is an. 
8080 software-compatible disc-based pC 
with a drive/controller combo capable of 
transferring 200k bytes/sec. A disc 
executive software package called S/80- 
DEX provides I/O drivers, symbolic 
debug, resident editor and assembler 
and file-management functions. The 
unit’s high-speed bipolar 8080 emulator 
has DMA, vectored-priority interrupt, 
real-time clock and power failure/restart 
as standard. $9450 with 5M-byte disc; 
delivery, 60-90 days ARO. EMM Corp., 
12621 Chadron Ave., Hawthorne, CA 
90250. Phone (213) 644-9881. 

Circle No. 185 


PORTABLE TERMINAL. The Model 380 
‘Troubleshooter’ functions as a stan- 
dard 10-, 15- or 30-character/sec portable 
terminal, yet has an operator-switchable 
character set that allows printing of 
nonprint characters such as device- 
control codes, tabs, etc. ‘“Off-the-shelf’’ 
models operate on full upper-and-lower 
case ASCII but other codes (APL, Baudot, 
IBM correspondence or RS 244A) are 
available. The unit’s built-in acoustic 
coupler features AT&T 103 and RS-232C 
compatibility. Computer Transceiver 
Systems, Inc., E. 66 Midland Ave., 
Paramus, NJ 07652. Phone (201) 261-6800. 

| Circle No. 186 


INTERFACE. This 8-bit parallel 1/O board, 
supplying 95% of the required 1/O 
circuitry and timing adjustment, will 
provide a ‘‘universal’’interface for almost 
all mini- and microcomputers and other 
parallel interfaces. The board ““pDiggy- 
back” plugs into the MFE 250B digital 
Cassette transport, providing the re- 
quired hardware to operate the transport 
and record data on the cassette in an 
ANSI/ECMA-compatible format. $325. 
MFE Corp., Keewaydin Dr., Salem, NH 
03079. Phone (603) 893-1921. 

Circle No. 187 
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ANALOG I/O SYSTEM. Input (MP 7208 
and MP 7216) and output (MP 7104) 
boards interface Motorola’s EXORciser 
to analog inputs and outputs. The MP 
7208 (8-channel differential input) and 
MP 7216 (16-channel single-ended input) 
have resistor-programmable input rang- 
es from +10 mV to +10V, allowing them 
to connect directly to low-level signal 
sources. $695 (1-4); $295 (100). Delivery, 
4-6 wks. ARO (small qty.). Burr-Brown, 
Box 11400, Tucson, AZ 85734. Phone 


TERMINAL. Thanks to pP logic, the 
LX1010 programmable interactive termi- 
nal ‘‘talks’’ with any computer processor. 
Users can employ ASCII, BCD, corre- 
spondence or other character sets and 
transmit either synchronously or asyn- 
chronously at rates from 75 to 4800 
bits/sec in full/half duplex or echoplex 
modes. Standard print speed equals 180 
characters/sec. $6000. Delivery, 30-60 
days. LogAbax, 10889 Wilshire Blvd., Los 
Angeles, CA 90024. Phone (213) 477-0494. 


(602) 294-1431. 








moneys worth 
from your R10 


W67 AZ420 62 


V230-type 
relays. 
|] More than 312 types to 


choose from? 


[|] Lower pull-in voltages 
due to improved cam 
action? 


If you didn't make 100% on the 
quiz, its time to improve your 
score by specifying Type 24/25/26 
miniature relays trom ITT Com- 
ponents Group. With Types 
24/25/26 you can say “yes” to 
every test question, and because 
these relays are the most eco- 
nomical choice on the market, 
they deliver the most for your 
money. : 

What else do they offer besides 
economy? Efficiency. Their im- 
proved cam action gives greater 
magnetic eftticiency that results in 
lower pull-in voltages. Every 
single part of every relay has 
been assembled automatically to 
insure greater uniformity. And 
we will 100% computer test to 
your specifications at no extra 


When you need relays our better alternativ 
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If you cant say yes to all these 
questions youre 
not getting your 
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|] 100% computer tested to 
all specifications? 


[| Automatic contact ad- 
justment for reliability & 
repeatability? 


charge. © 

Variety is another plus. We 
have more than 312 types avail- 
ablein2 Form C,4FormC, and6 
Form C, and you can choose sin- 
gle, bifurcated, or heavy-duty 
contacts. 

In form/fit/function, you'll find 
Type 24/25/26 relays can take the 
place of what you're using now. 
For all communications applica- 
tions, especially CB, they will do 
the job better for less. 

Boost your score. Say “yes” to 
the better alternative. Call Bob 
Scanlon at (617) 688-1881 for free 
samples & detailed specs, or 
write him at ITT Components 
Group, 1551 Osgood St., North 
Andover, MA 01845. 


Components I T a. 


e will be your first choice. 
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LSI-11 INTERFACES. A wide range of | 
interface and logic modules for the 
LSI-11 includes general-purpose logic 
modules such as the 1710 GPIO and the 
11B DMA controller, as well as the WWBI 
and 11WWB dual and quad wirewrap 
modules. Input/output modules are the 
LP11 line printer, CR11 card reader and 
PC11 paper-tape reader/punch control- 
lers. Communications modules include 
the DLV11 asynchronous and DUV11 
synchronous serial line interfaces. MDB 
Systems, Inc., 1995 N. Batavia St., 


Orange, CA 92665. Phone (714) 998-6900. 
Circle No. 190 





MODEM. The Pennywhistle 103 acoustic 
coupler is believed to be the first modem 
in kit form. Operating in either half- or 
full-duplex mode, it can be used as an 
acoustic coupler (with telephone head- 
set) or be wired directly into the 
telephone via a DAA. Chassis parts, 
speakers, grilles, muffs and all parts 
come with the kit. All components 
mount on a single 5x9-in. card. $109.95. 
M&R Enterprises, Box 61011, Sunnyvale, 
CA 94088. Phone (408) 738-3772. 

Circle No. 191 





A/D CONVERTER. The GMD-10/1000 
yields either 10-, 12- or 15-bit resolution 
with up to 1024 channels or more. 
Designed for interfacing with many 
popular minicomputers, the converter’s 
spec’s include dc to 60-kHz bandwidth, 
CMR of 120 dB at a gain of 1000, noise 
<2-wV RTI, and drift <1-uV/°C RTI. The 
standard unit contains the converter, 
clock, addressing circuits, power supply 
and up to 30 differential amplifier-filter 
channels. Preston Scientific, Inc., 805 E. 


Cerritos Ave., Anaheim, CA 92805. 


Phone (714) 776-6400. Circle No. 192 
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IF YOU'RE 
NOT DESIGNING 
WITH ACSC 
PROTO-BOARD 
LOOK AT ALL 
YOU'RE MISSING. 
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uC ACCESSORY BOARD, MMD-1/MI, 
plugs into the built-in card-edge 
connector on the MMD-1 educational wP 
board, increasing on-board memory to 
2.5k RAM and 1.5k PROM or ROM. The 
MMD-1/MI_ offers: 2k RAM capability 
Versatility — Use with virtually all (1k supplied), TTY interface (20-mA 





types of parts, including resistors, 
capacitors, transistors, DIP’s, 
TO-5’'s, LED's, transformers, 
relays, pots, etc. Most plug in 
directly, in seconds. 


ss 


loop), paper-tape reader control for 
ASR33’s, audio-cassette interface, and 
sockets to accept up to 1k PROM or 
ROM. Assembled, $200; kit, $150. E& L 
Instruments Inc., 61 First St., Derby, CT 
06418. Phone (203) 735-8774. 
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Accessibility — All parts are 
instantly and easily accessible, for. 
quick signal tracing, circuit 
modifications, etc. 





















Adaptability— Use in design, 

packaging, inspection, QC, etc. 
Works with most types of circuits, 
in many, many applications. 


Durability — All| 
Proto-Board models 
are carefully 
constructed of 
premium materials, 
designed and tested 
tor long, trouble- 
free service. 


Expandability — Proto-Board 
units can be instantly inter- _ 
connected for greater capacity. 


Utility— Models are available 
with or without built-in 
regulated power supplies 
(fixed or adjustable). 


Economy— Eliminate heat 
and mechanical damage to 
expensive parts. Save money 
by re-using components. 


Variety —A wide variety 
of models are 
available with 4 
capacities ranging from 4 
630 to 3060 solderless 
tie-points (6to3214-pin & 
DIP's), to fit every technical 
and budget requirement. 


___ Visibility—All parts are instantly 
and easily visible, for quick circuit 
analysis and diagramming. 





Speed —Assemble, test and 
modify circuits as fast as you can 
pushin or pull out alead. Save 
hours on every project. 


Flexibility— Use independently, 
or in conjunction with other 
accessories, such as scopes, 
counters, CSC Proto-Clip™ 
connectors, Design Mate™ test 
equipment, etc. One Proto-Board 
unit can serve a thousand 
applications. 


CALCULATOR. Able to operate continu- 
ously for 600 hrs. on a single alkaline 
battery (250 hrs. on a normal battery), 
the Pocket-LC II provides all 4 functions 
with 8-digit accuracy. The unit’s 
secret?—an ultra-low power FE-type 


Whatever type of electronic circuits you work with, you can do more in less time 
with CSC's solderless Proto-Board™ systems. As fast and easy as pushing inor 
pulling out a lead, you can design, test and modify circuits at will. Components plug 
into rugged 5-point terminals, and jumpers, where needed, are lengths of #22 
AWG solid wire. In the same time you took to read this ad, you Could be well on your 
way to assembling a new circuit. For more information, see your CSC dealer, or 

write for our catalog and distributor list. 


CONTINENTAL SPECIALTIES CORPORATION 





EASY DOES IT 
44 Kendall Street, Box 1942 
New Haven, CT 06509 e 203-624-3103 TWX: 710-465-1227 
West Coast office: Box 7809, San Francisco, CA 
94119 © 415-421-8872 TWX: 910-372-7992 
Canada: Len Finkler Ltd., Ontario 


© 1976 Continental Specialties Corp. 
Prices and specifications subject to change without notice. 
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liquid-crystal display. This calculator also 
features an independent memory as well 
as a percent key. $19.95. Casio, Inc., 15 
Gardner Rd., Fairfield, NJ 07006. Phone 
(201) 575-7400. Circle No. 194 


SOFTWARE. ISPICE, an interactive com- 
puter program, can simulate and analyze 
electronic circuits containing a virtually 
unlimited number of components. Basic 
simulations include: nonlinear dc, ac 
(small-signal) sinusoidal steady-state, 
nonlinear transient, parametric, temp., 
and sensitivity analysis! National CSS, 
Inc., 542 Westport Ave., Norwalk, CT 
06851. Circle No. 195 
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DISC DRIVES. The 9885M (master) and 
9885S (slave) flexible-disc drives, which 
expand the usefulness of the HP 9825 
programmable desktop calculator, have 
a memory capacity of up to 468,480 
‘bytes/disc. Each 9885M, with its built-in 
controller, can manage the operations of 
up to 3 9885S slave units simultaneously. 
The 9825 can direct up to 8 9885M units. 
9885M, $3900; 9885S, $2500. Hewlett- 
Packard Co., 1501 Page Mill Rd., Palo 
Alto, CA 94304. Phone (415) 493-1501. 

Circle No. 196 


PROGRAM EXCHANGE. Designated the 
PPX-52, this professional program ex- 
change makes hundreds of specialized 
programs available to SR-52 owner/ 
members. Documentation sent includes 
a submission abstract, program descrip- 
tion, sample problem, user instructions 
and a program listing. The $15 annual 
membership fee also entitles users to a 
catalog of available programs, catalog 
updates and a bimonthly newsletter. 
Texas Instruments Inc., PPX-52, Box 
22283, Dallas, TX 75222. Phone (214) 
238-2011. Circle No. 197 


MULTIPLEXER. This asynchronous multi- 
plexer board allows for the installation of 
up to 64 asynchronous channels in 1 
processor. Each channel is RS-232C 
compatible and will interface to local 
terminals or data sets in half or full 
duplex. Eight baud rates, from 110 to 
9600, are jumper-selectable. The real- 
time clock (operating under program 
control), provides crystal-controlled in- 
terrupts of 1000, 100 and 60 Hz. $2995. 
Delivery, 30 days ARO. STC Systems Inc., 
9 Brook Ave., Maywood, NJ 07607. 
Phone (201) 845-0500. Circle No. 198 
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OPEN FRAME 


POWER SUPPLY 
ELECTION 


| 4 DELTRON y 
PLATFORM — 
* Competitive Prices. 

* Stock Delivery. 

* 1 yr. Warranty. 

* ‘‘Real’’ Specs. 

* User Designed. 


* Lowest Temp. 
Derating. 


—@ 


FROM THE “PRIMARY” ON... 
IT’S “Q” SERIES 
ALL THE WAY! 


U. L. 
Recognition. 
interchange- 

able with 
competitive 
units. 


Size A Size B Size C Size D Size F 
Model No. | Model No. | Model No. | Model No. | Model No. 


Dimen. 
9x47/_x234 |14x4 74x23, 


250—$24.| 250—$41. | 250—$51. | 250—$66. |250—$ 85. 


Deltron inc. 
ee 


Wissahickon Avenue 
North Wales, PA 19454 
Tel: 215/699-9261 Twx: 510/661-8061 


AC-13 
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Endless Belts 





the 
driving force 


Fenner Posi-Drive ‘“‘40 DP”’ Belts 
are designed for precision per- 
formance in sensitive drive ap- 
plications. These gear tooth belts 
are ozone-resistant and will op- 
erate at pulley speeds up to 
20,000 RPM. Available in 64 dif- 
ferent sizes, with either Keviar or 
Polyester construction, Fenner 
Posi-Drive Belts offer excellent 
flexibility to meet your most ex- 
acting design requirements. 





FENNER AMERICA 

400 EAST MAIN STREET 
Middletown, Conn. 06457 
Tel: 203-346-7721 


For more information, Circle No. 81 
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AMPLIFIER. Reported to be the first dual 
linear-antilog, voltage-controlled ampli- 
fier offered in a 16-pin DIP, SSM 2000 is a 
dual 2-quadrant multiplier with each 
channel having separate control and 
differential signal inputs and current 
output. This unit offers control accuracy 
at 1% over the entire 80-dB range, and its 
dual design allows completely indepen- 
dent selection of the 2 channels’ control 
characteristics. $6 (1-24). Solid State 
Music, 2102A Walsh Ave., Santa Clara, 
CA 95050. Phone (415) 941-2820. 
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.P PERIPHERALS. TMS 9901, a program- 
mable systems interface (NMOS), can be 
used with 9900 or 9980 wP’s. TMS 9902 
UART can use the CRU I/O port of the 
9900 or 9980. Its programmable data rates 
run from 5 to 76,800 bps. TMS 9903 
performs synchronous communication 
control and also interfaces to the 9900 
and 9980 via the CRU I/O port. Model 
9904, a 4-phase clock generator and 
driver for the TMS 9900, also generates 4 
TTL-level clock phases to drive the 
9901/02/03. Texas Instruments, Inc., Box 
5012, MS/84, Dallas, TX 75222. Phone 
(713) 494-5115. Circle No. 200 


MULTIPLEXERS. Models MUX 202-M and 
MUX 203 are 8-channel, single-ended 
multiplexers which combine accuracy 
and high speed in a 16-pin hermetic DIP. 
These devices have overvoltage protec- 
tion on both analog and digital inputs, 
and are also protected against channel 












interaction when power is removed. Key 
specs include: 0.01% accuracy, 0.01% 
cross talk (at 10 kHz), and 0.5-yusec 
address time. MUX 202-M/B, $65; 203, 
$19 (1-9). Hybrid Systems Corp., Crosby 
Dr., Bedford, MA 01730. Phone (617) 
275-1570. Circle No. 201 


ANALOG IC’S. SE515, a mil-spec’d 
differential amplifier, offers excellent 
input-parameter stability, large gain- 
bandwidth, and differential input/ 
output. The amplifier comes in a 14-pin 
ceramic DIP or 10-pin TO-5 package. 
DM7820, a dual-line receiver, accepts a 
wide range of input voltages and 
operates from a single 5V battery. It is 
housed in a 14-pin ceramic DIP. 
SE515F/883B, $14.63; DM7820F/883B, 
$22.68 (100). Signetics, 811 E. Arques 
Ave., Sunnyvale, CA 94086. Phone (408) 
739-7700. Circle No. 202 





HYBRID IC’S. Hybrid amplifiers MC5107 
and 5108 for CATV use have bandwidths 
of 30-300 MHz with a slope of 1 GB. 
Passband ripple is +0.1 dB, typ.; noise 
figure, 8.5 dB. Broadband hybrid 
amplifiers MC5120 and 5121 cover a 
30-890 MHz bandwidth. The MC5120 
provides 21-dB gain; the 5121, 27 dB. 
MC5120, $6.25; 5121, $7. California 
Eastern Labs., Inc., Box 915, Burlingame, 
CA 94010. Phone (415) 342-7744. 
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TRANSISTORS. Model HXTR-6102 bipo- 
lar, low-noise microwave transistor has a 
guaranteed noise figure of 2.7 dB max. at 
4 GHz, (2.5 dB, typical). Associated gain 
is 9 dB, and the low noise results from 
sub-micron emitter widths. Price reduc- 
tions on the companion HXTR-6101, a 
recently introduced microwave transis- 
tor, are up to 33%. Both devices are 
housed in metal/ceramic hermetic pack- 
ages. HXTR-6101, $87; 6102, $130 (10-24). 
Hewlett-Packard Co., 1501 Page Mill Rd., 
Palo Alto, CA 94304. Phone (415) 
493-1501. Circle No. 204 
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D/A CONVERTER. Settling time of the 
8-bit DAC90 (to +0.2%) is 200 nsec; 
nonlinearities, < +0.2% (over specified 
temperature ranges); and gain drift, 
typically +50 ppm/°C. Two temperature 
versions are available: DAC90BG, —25 to 
too «> and DAC90SG, —55: to +7425°C. 
Both are current-output devices and 
come in a hermetic 16-pin ceramic DIP. 
90BG, $8.50; 90SG, $12.50 (100). Burr- 
Brown, International Airport Industrial 
Park, Box 11400, Tucson, AZ 85734. 
Phone (602) 294-1431. Circle No. 205 


DRIVERS. Peripheral drivers of the 
55/75470 family feature output-current 
capability of 300 mA with no latch-up 
problems at 55V dc, and are pin-for-pin 
replacements for the 55/450 and 55/460 
Series units. All versions are fully 
compatible with TTL/DTL logic, and have 
typical ac switching speed of 45 nsec. 
Plastic: 75470, $1.23; 75471-74, 81¢ (100). 
Fairchild Camera and Instrument Corp., 
Analog Div., 464 Ellis St., Mt. View, CA 
94042. Phone (415) 962-3816. 
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THYRISTORS. Housed in TO-220 plastic 
packages, the 25A Series 2N6504-6509 
SCR’s have peak reverse-voltage ratings 
from 50 to 800V. All units also feature a 
peak nonrepetitive surge-current rating 
of 300A. The 2N6504 (Varm = 50V), in 
quantities of 100, is priced at $1.43; 
2N6509 (800V), at $4.95. Motorola 
Semiconductor Products, Inc., Box 
20294, Phoenix, AZ 85036. Phone (602) 
244-3454. Circle No. 207 





For precision electroforming 










Operating System/ 
Program Loader for 
PDP-11/LSI-11, 
NOVA and 
Micro-Computers 










gp The Linear Disc- 
’ LINC TAPE 


@ 21 Ibs. total weight 










@ Full RT-11 support on DECtape® com- 
patible tapes for PDP-11/LSI-11 


@ Full SOS with named files support for 
NOVA computers 





$2295 (unit qty) 
w/controller 





@ Edit, Assemble, Compile programs in 
the field 









Fill 16K word, 16 bit memory in 4 sec. 





Computer 


Operations, Inc. 


9700-B GEORGE PALMER HWY. 
LANHAM, MARYLAND 20801 
(301) 459-2100 @ TELEX 89-8327 


For more information, Circle No. 82 


@ Load diagnostics quickly and reliably 


@ Fits under airline seat or check as 
baggage 


XXDP support for PDP-11 





of waveguides and optics, 
depend on Gar. 


When specifications call for ex- 
tremely tight tolerances on parts as 
exotic and complex as millimeter 
waveguides, double ridge wave- 
guides, couplers, antenna horns and 
optics, you can count on Gar to attain 
that precision within + 0.00071 in. 

Gar’s electroforming capabilities 
make it possible to precisely manufac- 





Electroformed Reflector 


ture complex, hard-to-fabricate parts. 
And to do it with greater fidelity and 
= economy than by any other metal form- 

} ing method. And Gar’s experience 
proves It. 

As the nation’s oldest electroformer, 
Gar has the financial and managerial 
stability you'd expect from the leader in 
its field. Write for additional information. 


Electroformed Waveguide Coupler 


FI GAR 


Gar Electroforming, Division of Mite Corporation 
Danbury, Conn. 06810. Tel. (203) 744-4300. 


For more information, Circle No. 83 
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TRANSISTORS. Series-2N5241 power 
transistors are rated at 400V and 125W. 
Collector current ratings are 5A continu- 
ous, with max. dc current gain of 35 at I, 
= 2.5A. Turn-on time is 0.8 sec; 
turn-off time, 1.7 psec. Intended for use 
in chopper regulators, automotive igni- 
tions, and high-voltage supplies, these 
are housed in the JEDEC TO-3 metal 
case. $11.41 (100). International Rectifier, 
233 Kansas St., El Segundo, CA 90245. 
Phone (213) 678-6281. Circle No. 208 





High Density Packaging? 


Multiply your Savings 
with MULTIWIRE'! 


Looking for savings in money, weight 
and time? Use DIVA’s MULTIWIRE™ pro- 
cess! Multiwire™ is the AFFORDABLE 
solution to your high density packaging 


problems. 


Production and/or Prototype-Multiwire™ 
offers increased board reliability with su- 
perior engineering characteristics over 
other high density interconnect systems, 
such as wire-wrap or multi-layer. 


DIVAs MULTIWIRE™ 
ee WED Sor raigesney wee 


Eatontown, New Jersey 07724 
DIVA TEL: (201) 544-9000 
TWX: 710-722-6645 


For more information, Circle No. 84 


TRANSISTORS. These 12.5V UHF power 
transistors provide broadband perform- 
ance in the 450-512 MHz range. All 
models withstand infinite VSWR (at any 
phase angle, 15.5V dc and rated output 
power), and are housed in low- 
inductance, stripline flange packages. 
CM10-12A (10W), $12.45; CM60-12A 
(60W), $34.20 (100). Communications 
Transistor Corp., 301 Industrial Way, San 
Carlos, CA 94070. Phone (415) 592-9390. 
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LINE RECEIVER. The 55/75154 quadruple 
line receiver meets RS-232C specs for 
interfacing between data-terminal 
equipment and data-communications 
equipment. Operation is from a single 
5V (or 12V) supply, and the receiver's 
output is compatible with most TTL/DTL 
logic. Commercial versions are housed 
in either a ceramic or a plastic 16-pin 
DIP; military versions, in either a 
ceramic DIP or flatpack. Commercial 
units in plastic DIP, $2.48; ceramic DIP, 
$2.98 (100). Fairchild Camera and 
Instrument Corp., Analog Div., 464 Ellis 
St., Mt. View, CA 94042. Phone (415) 
962-3816. Circle No. 210 








TUNING DIODE. Model MV1405 varac- 
tor diode provides a 10:1 capacitance 
tuning ratio, enabling 3:1 frequency 
coverage. Nominal capacitance at 2V 
bias is 250 pF, falling below 25 pF at 10V 
bias. The diode’s breakdown rating of 
12V, and its 1-MHz Q of 200 (min.) at 2V 
bias make it suitable for broad frequency 
tuning at lower RF frequencies, and for 
synthesizer applications. It is housed ina 
hermetically-sealed, glass JEDEC DO-7 
package. $5 (100). MSI Electronics Inc., 
34-32 57th St., Woodside, NY 11377. 
Phone (212) 672-6500. Circle No. 211 
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REGULATORS. The 7800- and 7900- 


Series 3-terminal positive regulators 
come with 7 fixed output-voltage ranges 
from 5 to 24V. All models include 
internal thermal overload protection, 
output-transistor safe-area protection, 
and internal short-circuit current limit- 
ing. These units, pin-for-pin equivalents 
to Fairchild’s 7800 and 7900 Series, are 
housed in a plastic TO-220 package. 
$1.38 (100). Texas Instruments Inc., Box 
5012, M/S 308, Dallas, TX 75222. Phone 
(214) 238-3653. Circle No. 212 


AMPLIFIERS. Wideband RF amplifiers, 
AMT7016/17/18/19, cover the frequency 
range of 1 MHz to 2000 MHz. Four gain 
options are available: 17, 22, 35 and 40 
dB. Noise figure is 6.5 dB for each type. 
Other specs include: output power of 
either +10 or +16 dB, depending on 


model; VSWR of 2.5:1; and dc power of 
15V at 80, 100 or 160 pA, depending on 
model. Units come in flatpack or (on 
special order) 22-pin DIP’s. Aertech 
Industries, 825 Stewart Dr., Sunnyvale, 
CA 94086. Phone (408) 732-0880. 

Circle No. 213 





GaAs FET CHIP. With its 14.5-dBm 
(25-mW) linear power output, 3.6-dB 
typical noise figure (6.9-dB associated 
gain), and 11.0-dB max. available gain at 
10 GHz, the HFET-1000 chip is well- 
suited for general use in low-noise 
amplifiers in the 2- to 12-GHz range. The 
Schottky-barrier FET chip is said to show 
excellent consistency from one produc- 
tion run to the next. $105(10-24). 
Hewlett-Packard Co., 1501 Page Mill Rd., 
Palo Alto, CA 94304. Phone (415) 
493-1501. Circle No. 214 


Hot Semis? 
Get relief 


fONAL ELECTRONIC RESEAI 
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Rugged 


Lighted MSC 
Pushbutton 
Switches 


for Demanding 
Applications 


SERIES 10 
4-Lamp Lighted Pushbutton Switches 


Pi, Relamp or Relegend from 
% Panel Front without 
tools ... 






Series 10E Twist-Lite features positive hard-mount 
sleeve, individual lamp color control, and full, hori- 
zontal, vertical, or 4-way split displays. Up to 4-lines 
of engraved legend. Snap-on switch modules in alter- 
nate or momentary action with 2PDT or 4PDT; holding 
coil for electrical interlock. Solid state switching avail- 
able. Optional accessories include switch guard, 
4-color full-display, drip-proof seal, RFl screen, & test 
control capsules. Series 10H unit meets MIL-S-22885. 


SERIES 90 
‘2-Lamp Lighted 
Pushbutton 
Switches 


Relamp or Relegend 
from Panel Front 
without tools 





Three models offer choice of mounting tabs or snap-in 
spring clip mounting, as well as solder lug, double- 
turret or plug-in crimp-type terminals. Up to 3 lines of 
engraved legend. Indicator only or switch-lite units 
with integral alternate or momentary switch in SPDT, 
2PDT or 4PDT; holding coil for electrical interlock. 
Series 90H units meet MIL-S-22885/58. 





SERIES 800 and 820 4-Lamp 
Rack-Mounted/Plug-In Lighted 
Pushbutton Switches 


%”’ square or %4” x 1” display face. Full or split 
display in color with up to 4 lines of engraved legend. 
Alternate or momentary integral switch in 2PDT or 
4PDT. Each unit plugs into pre-wired mounting rack. 
Single panel cutout for complete matrix. Available for 
MIL-S-22885/80. 


.... you can’t do better! 
® 


MASTER 
SPECIALTIES 
COMPANY 


1640 Monrovia, Costa Mesa, California 92627 
Phone (Area Code 714) 642-2427 +» TELEX 678-433 
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Cahners Publishing Company, Inc. 


The Cahners Magazine Division 
publishes the following business 
magazines and directories: 


e Appliance Manufacturer 
Brick & Clay Record 
Building Design 

& Construction 
Building Supply News 
Ceramic Industry 
Ceramic Data Book 
Construction Equipment 
Design News 
Design News Annuals 
EDN 
Electronic Business 
Electric Light & Power 


Foodservice Equipment 
Dealer 


Institutions / VFM 

Modern Materials Handling 
Modern Railroads 

Package Engineering 
Plastics World 


Professional Builder / 
Apartment Business 


Purchasing 


Service World 
International 


Specifying Engineer 
Traffic Management : 
U.S. Industrial Directory 


The Cahners Book Division pub- 
lishes business, professional and 
technical books for the working 
professional in selected fields 
served by Cahners magazines. 
More than 500 titles currently are 
listed. 


The Cahners Exposition Group is 
the largest producer, operator and 
manager of trade and consumer 
shows in the United States... with 
26 shows, 2,000,000 square feet of 
exhibition space and total annual 
attendance of over two million. 


Cahners Publishing Company, Inc. 
221 Columbus Avenue 
Boston, MA 02116 
(617) 536-7780 





146 


























MODULES/SUBASSEMBLIES 







ph CY ed 


oe a ee SD 


POWER D/A’S. Combining a D/A with a 
power-output stage, these units provide 
resistor-programmable output ranges 
from +10V to +100V with 100-mA output 
current. Model 4814 (binary input) and 
4815 (BCD input) accept 12 data bits plus 
1 sign bit and achieve total accuracy of 
+0.025% of F.S., gain drift of <+70 
ppm/°C, max. settling time (to within 
0.01%) of 100 psec, and offset error of 
+10 mV (trimmable to +3 mV). $249. 
Burr-Brown, Box 11400, Tucson, AZ 
85734. Phone (602) 294-1431. 

Circle No. 166 


EEA 


Number one 45 


Our Model 4371F is breaking all 
records. It’s the only 45 MHz 4- 
pole monolithic crystal filter in a 
single HC-18 envelope. A star 
performer for first IF use in new 
generation 900 MHz mobile re- 
ceivers. Write us for data sheet. 


The Standard 
in Monolithic Crystal Filters 

















Piezo Technology inc. 
2525 Shader Road, Orlando, Fl. 305-298-2000 








For more information, Circle No. 89 








ANALOG MULTIPLEXERS. Consisting of 
2 single-ended and 2 differential models 
that accept 4, 8, or 16 input channels, the 
MX Series features CMOS construction, 
+20V input- and +4V logic-overvoltage 
protection, and break-before-make 
switching. With binary-coded logic 
inputs and inhibit capability, all models 
achieve transfer accuracies of 0.01% at 
channel-sampling rates to 200 kHz for 
inputs between +10V. Price range, 
$14-$34. Datel Systems, Inc., 1020 
Turnpike St., Canton, MA 02021. Phone 
(617) 828-8000. Circle No. 167 


DIGITAL CLOCK MOVEMENTS. MA1010 
Series modules are available for either 
50- or 60-Hz inputs and with either 12- or 
24-hr display formats. Each includes the 
MOS IC, a power supply and other 
components on a single pc board not 
much bigger than its 4-digit direct-drive 
0.84-in. high LED display. The user need 
only add a transformer and switches to 
construct a pre-tested clock suitable for 
mounting in other equipment. $15- 
$16.50 (100). National Semiconductor 
Corp., 2900 Semiconductor Dr., Santa 
Clara, CA 95051. Phone (408) 737-5000. 
Circle No. 168 


; 


Low-cost (under $1500) 
IC testers 





For more information, Circle No. 90 
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TELEMETRY SYSTEM. Accommodating 
F.S. inputs from 50 to 500 mV, the 
DI-TEL’s Transmitter drives a VCO at 
between 300 and 2300 Hz. A receiver 
system—which may indicate, record or 
control—demodulates the FM carrier 
and displays the output on an analog or 
digital panel meter. Both the transmitter 
and receiver (exclusive of panel meter) 
afford accuracy and linearity of better 
than 1%. Price, from $330 for indicating 
systems. Dallas Instruments, Inc., Box 
38189, Dallas, TX 75238. Phone (214) 
341-0504. Circle No. 169 


WIDEBAND AMP. Packaged in a stan- 
dard 16-pin DIP and suitable for 
integration into instruments such as 
A/D’s and counter timers, the dc- 
coupled Type VV100 (1-nsec rise time) 
and VV101 (2-nsec) offer fixed noninvert- 
ing gains of 10, cascadable to 1000X. 
Specs also include dc offset TC of <100 
wV/°C and 0.1% integral linearity for 
outputs up to +5V. $57 (VV101). LeCroy 
Research Systems, 700 S. Main St., 
Spring Valley, NY 10977. Phone (914) 
425-2000. Circle No. 170 





S/D CONVERTERS. Accepting 1:36 (or 
2:36) 2-speed synchro or resolver 
information up to 720°/sec and over a 
frequency range of 50 to 1200 Hz, the 
168C500-family units supply 16-bit reso- 
lution with +0.41-minute (worse-case) 
accuracy. All units need no trimming or 
adjustments and are fully encapsulated 
in 2.625 X3.125x0.82-in. packages. $850. 
Control Sciences Inc., 8399 Topanga 
Canyon Blvd., Suite 303, Canoga Park, 
CA 91304. Phone (213) 887-7344. 

Circle No. 171 














SAFETY-ENGINEERED 


TERMINAL BLOCKS 
Upgrade Dependability, Efficiency 


Designers and manufacturers make control 

equipment safer to install and use with cost-effective 
ENTRELEC® terminal blocks for reliable low-resistance 
connections. 





All-around protection: Screws deeply recessed in insulating 
bodies that completely enclose conducting elements prevent 
accidental contact. ENTRELEC® units are qualified by more 
authorities — including UL and CSA — than any other wiring 
system. 7 


Low-resistance connections: Tubular clamp contacts with self- 
locking vibration-proof screws maintain contact pressure on solid 
or stranded wires. 


Safeguarding circuit continuity, contact surfaces are plated to 
prevent corrosion, laterally grooved to grip wires firmly; smoothly 
rounded edges protect wires; tough nylon bodies resist adverse 
environments. 


Satisfy specific connection requirements with. this inclusive 
line of terminal blocks and accessories in a compatible, versatile 
modular system. 


Put plusses in your product, minus in your cost, with space- 
saving time-saving, performance-protected terminal blocks from 


& 


COGENEL, INC./ ENTRELEC® DIVISION 
101 Executive Boulevard, Elmsford, NY 10523 
(914) 592-5284 TWX 7105671207 





EA-604 
For more information, Circle No. 91 
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LITERATURE 





BROADBAND POWER AMPS. Describ- 
ing designs for 4 high-performance UHF 
amps, Application Paper 2.1.8.6D offers 
technical insight into UHF design, 
construction hints, circuit photos, sche- 
matics and parts lists. All 4 state-of-the- 
art 12V designs operate in the 450 to 512- 
MHz frequency range. Communications 
Transistor Corp., 301 Industrial Way, San 
Carlos, CA 94070. Circle No. 215 


IR CALCULATOR. A free 20-scale 
paperboard slide rule provides order- 
of-magnitude results for infrared- 
radiation calculations. Commonly need- 
ed symbols, constants and equations are 


included, making the temperature and 
energy conversions both easier and 
more convenient. A companion guide 
works through 7 case problems. Sen- 
sors, Inc., Box 1383, Ann Arbor, MI 
48106. Circle No. 216 


SEMICONDUCTORS. This 40-pg. short- 
form catalog describes ITT’s complete 
line of 2000 semiconductor products. 
Electrical characteristics, performance 
data, package dimensions, charts, order- 
ing information—these and other specs 
are included for linear and TTL IC’s, DTL 
and MOS devices and custom interface 
circuits: Discrete devices are also 
included. ITT Semiconductors, 74 Com- 
merce Way, Woburn, MA 01801. 

Circle No. 217 


MICROWAVE DETECTORS. Vol. 8, No. 1 
of the ‘‘Narda Probe’ describes the 
physical properties of semiconductor 
diodes, their application in microwave 
detectors, and trade-offs required in 
selecting detectors for system and bench 
applications. This 8-pg. note also lists 
typical detector characteristics and 


package styles, and in addition contains 
a parameter check list. Narda Microwave 
Corp., Plainview, L.I., NY 11803. 

Circle No. 218 


LINEAR-CIRCUIT TESTER. This 10-pg. 
brochure on the GR1730 contains testing 
methods for a wide variety of operational 
amplifiers, comparators, voltage follow- 
ers and regulators—plus other linear 
integrated circuits. The various tests are 
defined and illustrated in functional 
block diagrams. GenRad, Inc., 300 Baker 
Ave., Concord, MA 01742. 

Circle No. 219 


SCR TESTERS. Tech Tips 2-6, ““Economi- 
cal Voltage Testers for Power SCR’s and 
Rectifiers,’’ describes 2 test circuits for 
in-the-field measurement of SCR and 
rectifier blocking voltages. The circuits 
(which can be built for $100 each), save 
the expense of removal, testing and 
reinstallation of the SCR, yet ggrovide 
more meaningful data than row. 
Westinghouse Electric Corp., Gateway 
Center, Pittsburgh, PA 15222. 

Circle No. 220 





IMP-1 Bi-directional 
Line Printer -$450 


Aconnector as Goes as 
no connector at all??? 


(6800 & 8080 Compatible) 


The IMP-1 was designed to satisfy low 
priced peripheral needs for the rapidly 
growing microprocessor field. It is a 
5x7 dot matrix impact printer with a 
40 column multicopy output. The 
printer, complete with drive electronics, 
internal power supply, character decod- 
ing and software driver proms interfaces 
directly with the 6800 and 8080 micro- 
(e) gele-15-10) 6a a ©) 10) C=) a | ov] @)-| 0) (NO) I 
bursts up to 80 characters per second 
bi-directionally. 

IMP-1, another outstanding product 
from EPA-Specialists in low. cost 
computer development systems. 


xolamarlela-Mialicldrit-talela me) ime) ann ah c-e 


Electronic Product 
Associates, Inc. 


_1157 Vega St., San Diego, CA 92110 
(714) 276-8911 
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Hypertac’ 


Lower Contact © Lower Insertion- © Greater Reliability 
Resistance Extraction Forces @ Integrity Under 

Higher Current @ Less Wear and Shock & Vibration 
Ratings penger! ne @ lessee Uniformity 








Hypertac’s patented design assures performance 
surpassed only by hard wiring. Wires strung at — 
an angle to the socket’s axis form a unique hyper- © 
boloid sleeve that wraps the pin providing nu- 
merous linear contact paths. This complete | 
encirclement of the pin provides the ultimate in — 
connector performance. For free brochure, write: _ 


“‘New Horizons in Connectors” 


HYPERTRONICS CORPORATION 
154 Great Road, Stow, Massachusetts 01775. 
Tel. (617) 897-3236 Telex: 94-8338 
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EDN SALES OFFICES 


H. Victor Drumm 
Executive Vice President 
and Publisher 

Andrew P. Cahners 
Business Manager 
Boston, MA 02116 
(617)536-7780 


NEW YORK CITY 10017 

Bill Segallis, District Manager 
205 E. 42nd St. 

(212) 949-4423 


BOSTON 02116 

Richard Parker, District Manager 
Hal Short, District Manager 

221 Columbus Ave. 

(617) 536-7780 


PHILADELPHIA 19103 

Steve Farkas, District Manager 
999 Old Eagle School Rd. 
Wayne, PA 19087 

(215) 293-1212 


CHICAGO 60521 

Clayton Ryder, District Manager 
15 Spinning Wheel Rd. 
Hinsdale, !L 60521 

(312)654-2390 


CLEVELAND 44115. 

Clayton Ryder, District Manager 
1621 Euclid Ave. 

(216)696-1800 


DENVER 80206 

John Huff, Regional Manager 
270 St. Paul St. 

(303) 388-4511 


SAN FRANCISCO 95008 

Hugh R. Roome, Vice President, 
Northwest Manager 

Pruneyard Towers 

1901 So. Bascom St. 

Campbell, CA 95008 

(408) 377-6777 


LOS ANGELES 90036 

Ed Schrader, Regional Manager 
5670 Wilshire Blvd. 

(213) 933-9525 


TOKYO 106 JAPAN 

Mr. Chihiro Nagahama, 
Managing Director 

TRADE MEDIA—IBPA (Japan) 
R. 516, Roppongi Uni House 
4-3-11, Roppongi, Minato-ku 
(03) 585-9571 Telex: J28208 
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MICROPROCESSOR 
POWER SUPPLIES 






Featuring ... High Reliability and Low Cost 


Now Power/Mate introduces a series of triple output, open frame power 
supplies designed specifically for microprocessor users. 







Based on a rugged, field proven design, the ETR series of microprocessor 
power supplies features Dual AC Input, remote sensing, adjustable current 
limiting and plug-in IC regulation throughout the line. 








Built to the same rigid quality standards that have made Power/Mate the 
industry leader, they offer avery impressive 100,000 hour MTBF. 







Best of all, the ETR series is economical and in stock. Call or write for our 


free brochure. PllMiic 
POWER /MATE CORP 


World's largest manufacturer of quality power supplies. 
514 South River Street/Hackensack, N.J. 07601 /Phone (201) 343-6294 TWX 710-990-5023 
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st 


In Micro 
Processor 
Crystals 


Crystek has been first in Micro 
Processor Crystals from the be- 
ginning. This means... 


e@ More experience to Satisfy your needs 

e Less engineering & delivery time 

e Dependability through stringent quality control 
e Low costs through volume production 


Since 1958, Crystek has been a supplier for all types of 


crystals. 
oN 
Ns 


Send for descriptive literature 


CRYSTEK CRYSTALS corporation 


1000 Crystal Drive e¢ Ft. Myers, FL. 33901 


= 
3 


WIDE OSOSOOSOS: 


813-936-2109 TWX 510-951-7448 FOMY | 
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SIZE, WEIGHT AND RELIABILITY 
DO MAKE A DIFFERENCE 


Whether you need a FREQUENCY CHANGER, an AC 
LINE CONDITIONER, PROGRAMMABLE AC POWER, 
or simply retiring a troublesome MG set, PACIFIC has a 
sleek, modern solid-state AC Power Source to fit your needs. 





OUTPUT is a near perfect sinewave into any type of load. 











Line Regulation: 0.1% Load Regulation: 0.25% 

Distortion: 0.75% Response Time: 50 microseconds 
is More than 
e tion in steel cabinets, these machines are only % the weight 
{ {ft of previous technology. 

jus a pre ° Of course, low powcr units from 250 VA single phase to 
instantaneously self-heals against failed output transistors. 
A self-diagnostic circuit localizes the failure for “service 


® Ps A standard built-in oscillator covers the popular power 
frequencies between 47 and 500 Hz. Modified units can 
aci 1C extend to frequency extremes of 4.7 Hz and 2000 Hz. Basic 
LIGHT-WEIGHT MODULES are an exclusive feature of 
PACIFIC machines. 1 KVA MODULES weighing only 
26 LBS. are used to configure standard systems to 27 KVA 
1500 VA three phase are also available in lightweight, desk 
top models. 
RELIABILITY and MAINTAINABILITY are raised to un- 
when convenient”. System output is virtually never dis- 
turbed, and even that rare bit of service is a snap. 
Want to know more? Call PACIFIC TOLL FREE at 800- 


specifications are: 

A.C, Power 
—or up to 100 KVA on special order. Even after installa- 
precedented levels by an exclusive PACIFIC design which 
423-4151 (in Calif. call 213-573-1686 ). 














State-of-the-Art circuitry and 
plug-in modules permit custom 
configurations and simplify main- 
tenance. 


PACIFIC Model 315 
1500 VA, 3@ variable fre- 
quency. Only 10% X 17 X 17, 
55 pounds 









| 
PACIFIC Model 360 
6 KVA, 36 variable fre- 
quency. Complete sys- 
tem, in a 56” X 23” X 
27” cabinet, weighs 
400 pounds 


PACIFIC Model 105-D 
500 VA, 19 variable f 
quency. Only 54 X 17 X 
40 pounds 





PACIFIC 


A.C. POWER SOURCES/FREQUENCY CHANGERS/LINE CONDITIONERS 


PACIFIC ELECTRONIC ENTERPRISES e 2643 North San Gabriel Boulevard, Rosemead, Ca. 91770 e Phone (213) 573-1686 
CALL TOLL-FREE 800-423-4151 (Outside So. Calif.) 


- For more Information, Circle No. 2 











